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WESTINGHOUSE GEARED TURBINE PROPELLING 
MACHINERY FOR SWEDISH BATTLESHIPS 
GUSTAF V AND DROTTNING VICTORIA. 


By W. SmirH, MEMBER. 


The latest developments in geared turbines for the propul- 
sion of naval vessels is represented by the Westinghouse 
geared turbine machinery which is being supplied for. Swedish 
Battleships Gustaf V and Drottning Victoria. These vessels 
are being constructed at Kotkums Met. Verkstads Aktiebolag, 
in’ Malmé, and Gotaverken in Gothenburg, Sweden, respec- 
tively, and the turbines are being manufactured by the Motala 
Verkstads Nya Aktiebolag; in Motala, Sweden, to design pre- 
pared by the Westinghouse Machine The 
data for the vessels are:. 


Length, 


Propellers, number............... 
28 
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Armament: Four 11-inch, eight 6-inch, six 12-pounders, 
and two submerged torpedo” tubes. © 
408. 


PROPELLING MACHINERY, 


The machinery is of the Westinghotise 
turbine type and is composed of two units located in engine 
rooms amidships below the protective deck. Each unit con- 
_ sists of two turbines of the divided-flow type, which drive 
the propeller through a double-pinion reduction gear as shown 
in Figs. 1 to 4. 

The propelling machinery is designed to develop 22, 000 
S.H.P. and to give a speed of 22.5 knots. The steam con- 
sumption guarantees for the turbines are exceptionally good, 
and are far superior to the results which have been obtained 


with the types of machinery now in, use. The performance 
data is as follows: 


R.P.M., turbine <.... 3,600... 3,186 2,070 
Water rate, Ibs. per S.H.P. at propeller a 


The astern turbines will develep 41. per of the 
power with the same flow of steam, or 9,000 since at fal 
power. 

The operating for: the are to as 


Steam pressure at 265 pounds gage 
Vacuum in exhaust........ 28.27 of mercury referred to a 30 in. barometer. 


The machinery weights per shaft are as follows: 


1 Reduction ‘gear, pounds............ 84,500 
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FIG. 1.—PLAN AND ELEVATIONS OF ENGINE ROOMS SHOWING AR- _ 
RANGEMENT OF PROPELLING MACHINERY. 


yt | 

| 


418 WESTINGHOUSE GEARED TURBINE PROPELLING MACHINERY. 


TURBINES. 


The turbines are of the Westinghouse impulse-reaction di- 
vided-flow type, as illustrated in Fig, 5. At full power the tur- 
bines are designed to develop 5,500 H:P- each or 11 ‘a HP. 
for each unit at a speed of 3,600 r.p.m. 

The ahead high-pressure turbine is composed of a two- 
row impulse wheel followed by reaction blading on a drum. 
The ahead low-pressure turbine is of the straight reaction 
type. The astern turbine, which is located in the exhaust 
chamber of the ahead turbine, consists of a single two-row im- 
pulse wheel. The turbine cylinders are made of cast iron, and 
the shafts and rotors.are made of cast steel. In the high- 
pressure cylinder the impulse wheels are carried on solid discs 
formed integral with the spindle ends. ‘The high-pressure 
stages of the reaction blading in both turbines are carried on 
drums. The low-pressure stages of the reaction blading in 
each turbine are carried on solid-discs, which,-in the H.P. tur- 
bine is integral with the drum, but: in the U.P. turbine is 
integral with the spindle end:- ‘This construction is clearly 
shown in Figs. 5, A and B. © The impulse blades are made of 
machined nickel-steel and are secured in the rotor by a sub- 
stantial! tongue-and-groove. construction. The reaction blades 
are made of drawn phosphor-bronze and are secured in dove- 
tail grooves by a positive mechanical interlock between blades, 
packing pieces and grooves: ~The ahead turbine nozzle cham- 
ber is divided into compartments, each of which is provided 
with a hand-operated group valve for ‘closing off aye of the 
nozzles at reduced power. 

Balance pistons of the labyrinth type are located at the i in- 
let ends of the high and low-pressure turbines. - met 6 

The_glands.are- composed of steam-sealed 
water seals, as shown in- Fig. 5. The steam gland is sealed 
from an annular chamber in the usual manner. The water 
seal operates on the principle of a centrifugal, pump, the im- 
peller being provided with radial paddles or ribs, which revolve 
in the chamber, supplied with water at the periphery of the im- 
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peller. 


The centrifugal action of the paddles on the water 


causes it to revolve and to form a perfect seal against the 
leakage of air. 
full down to half speed. .. Below the latter speed the centrifu- 
gal force is not sufficient to maintain the seal, and, therefore, 
from stop to half speed it is necessary to usé the steam-sealed 


The water seal is designed to operate from 


NOZZLE STEAM ASTERN 
{ ; 


FIG. 3. | Danaea SHOWING PRINCIPLE oF OPERATION, 


A — High-pressure turbine. 
B — Low-pressure turbine. 
V — Low-pressure turbine cut-out valve. 


CONNECTIONS, ETc. 


eS labyrinth. Consequently the steam seabwill ‘be used when 
_ steaming at low speed, maneuvering-and standing by. 
Steam is supplied to the labyrinth glands at-a pressure of 


about five pounds in the usual manner. 


Water is supplied to 


the water glands from a gravity tank provided . for this 
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The thrust bearing is of the Kingsbury segmental type and 
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is provided with a screw adjustment for moving the rotor end- 
wise for setting the dummy clearances. This is shown in 
Figs. 6-and 7. 

The turbine shaft is connected to the flexible shaft of the 
gear pinion by means of a flexible ball coupling, which permits 
the pinion to move endwise. Provision is made for lubricat- 
ing the coupling ball and bushings. 

An emergency overspeed governor is located. forward of the 
thrust bearing and is driven from the turbine shaft by spiral ° 
gears. The governor is of the centrifugal ‘type, and controls 
the governor valve in the main steam line by means of a relay. 

The hot portions of the turbine cylinder are lagged with 
non-conducting material, and enclosed in a 1/16-inch sheet- 
metal jacket, which is arranged for easy removal or access. 

_ The admission of steam to the ahead and astern turbines is 
controlled by two balanced throttle valves, as shown in Fig. 
2. The piping and valves are arranged so that in addition to 
the normal operation, either the high or low-pressure ahead 
turbine can be operated independently in case of emergency, 
the turbines being controlled by the main throttle valves in all 
cases. 

The arrangement of the turbine valves and piping is shown 
diagrammatically in Fig. 4. 

The steam strainer has a cast-iron Picton 3 and perforated 
steel cylindrical strainer. 

The governor valve is of ihe double-disc balanced type, 
operated by two steam relay pistons. The opening and clos- 
ing of the valve is controlled by the turbine governors through 
their relays. The operation of either the high or low-pressure 
turbine governor will cause the valve to throttle in case the tur- 
bine overspeeds, With this arrangement the turbine is-held. at 
a predetermined maximum speed. 

The divided-flow turbine was. designed for use on 
naval vessels with a view to obtaining a high efficiency over a 
considerable range of speed without the additional complica- 
tion of a cruising turbine. The excellent.results to be expected 
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FIG. 9.—VIEW OF TURBINE REACTION BLADING. 
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with this type of turbine is shown in the water-rate curves, 
Fig. 13. When steaming at full speed, the steam which is 
admitted through the high-pressure impulse wheel divides, 
approximately one-half passing through the high-pressure re- 
action blading, and the other half through the low-pressure 
reaction blading. At reduced speeds the low-pressure cut-out 
valve is closed, causing the steam to flow through the ahead 
reaction blading only, after having passed through the ahead 
impulse wheel, This reduction of area for the flow of steam 


Fic. 8. —Sxction ‘THROUGH AND RELAY. 


improves the pressure increases the efficiency 
of the turbine. At reduced or cruising speed the low-pressure 
turbine revolves idly in a high vacuum, or in case of a long 
voyage it would be disconnected and: would not revolve at all. 
This arrangement therefore improves the economy at cruising 
speed, since a small turbine, as required by the speed and 
power, is used, thus giving:a high efficiency at low speed. The 
blading of this turbine is also designed for efficierit operation 
at the cruising speed, extra rows’ being ‘provided: © Since the 
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low-pressure turbine is only used at approximately full speed, 
its blading is arranged for this condition only, less rows being 
required than would ordinarily be the case. This design also 
permits a higher speed of rotation, thereby reducing the 
weights considerably. Since in emergency either turbine can 
be used independently of the other, complete breakdown is 
most improbable. Also, since the turbines have a great over- 
load capacity, it would be possible in case of emergency to 
develop fouicthe, or more power with one turbine only. 


REDUCTION GRARS.. 


The reduction gears are of the Westinghouse double helical 
type with hydraulic floating frames, as shown in Figs. 10 and 11. 
The hydraulic cylinders, which support the floating frame, af- 
ford dynamometers for the measurement of power. A Kings- 
bury segmental thrust bearing is located at the forward end of 
the gear to take the propeller thrust. At the designed full 
speed the gears reduce the revolutions from 3,600 to 200, the 
reduction ratio being 18 to 1. Each pinion transmits 5,500 
H.P., the total for one gear being 11,000 H.P. wa 

The gears are completely enclosed in an oil-tight cast-iron 
box divided ‘on a horizontal plane. The gears are of the 
double helical type, the teeth being inclined at an angle of 30 
degrees. The teeth are of involute form and are cut’with the 
utmost precision to obtain quiet and reliable operation. 

The pinion is of the three-bearing type and is carried in a 
heavy floating frame, which automatically maintains the align- 
ment of the pinion and gear under all conditions of load, there- 
by producing uniform distribution of pressure over the entire 
length of tooth face. The pinion is driven by a flexible shaft, 
which extends through it and is secured to'the end distant from 
the coupling. The flexible coupling permits the pinion to 
move endwise, and the flexible shaft permits the floating frame 
to function without restraint. The-resulting uniform distribu-- 
tion of tooth pressure at all loads permits the use of higher 
pressures and smaller pinions and gears than is the ‘practice 
where rigid bearings are used. 
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Fic. 10, B.—SECTION THROUGH REDUCTION GEAR SHOWIXG FLOATING 

The floating frames are of rigid*construction to avoid de- 

flection, and are supported by cylinders under each bearing. 

The pinions are single forgings of carbon steel. The gear 
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FIG. 11.—VrEwW oF REDUCTION GEAR WHEEL. 
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wheels are composed of a heavy forged-steel shaft, cast-iron 
center and rolled-steel pinion bear- 
ings have heavy cast-iron bodies lined with white metal, 
and are supplied with oil from the main oil system under a 
pressure of about five pounds per square inch: A copious 
supply of oil is sprayed on the pinion so as to pass between the 
meshing teeth and-afford the required lubrication and cooling. 


DOUBLE 
LJ 


Pounds of Steam per Shatt Horsepower Hour 
= 


THE MAIN TURBINES ONLY IN PoUNDS OF STEAM PER Hour PER 
SHAFT HORSEPOWER AT THE PROPELLER SHAFT UNDER THE FOL- 
LOWING ConpITions : STEAM PRESSURE. AT TURBINE 260.: LBs. 
GAGE,-DRY AND SATURATED. IN EXHAUST-CHAMBER 28.27 
INCHES OF MERCURY (REFERRED TO 30 S-H.P. 
FOR:ONE UNIT ONLY 


3 


KINGSBURY THRUST, BEARING: 


if st bearing: which-takes-the-thrnst of 
the propeller, i is located: at the forward end of the gear, and is 
composed of a single collar, which. operates between: segmental 
shoes made of forged steel and lined with babbitt. Each shoe 
is pivoted on a hardened seat, which: péetmits it to automatically 
assume the position’ required to distribute the load uniformly 
over the entire surface. This-uniform distribution of pressure 
due to the sel fealignment-of-the: shoes, gives perfect libri- 
cation, which permits the use ‘of a ‘considerably higher unit 
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pressure than is used in ordinary thsass bearings, and also eis 
greater reliability of operation. | 

The principal parts of the bearing ai are made of Sages eer 
cast steel. The bearing, is lubricated by a, continuous circula- 
tion of oil, which i is admitted near the bottom and completely 
fills the casing, the outlet pipe — led from. he ili of the 

~The lubrication of the main turbine bearings and the gear 
teeth and bearings i is effected by a continuous circulation of 
“il through a pressure system composed of delivery and return 
piping, pumps, cooler, strainer and tank. Oil is supplied to 
the bearings and teeth under a pressure of about five pounds 
per inch. 


FEATURES AND ADVANTAGES. 


“The gives a considerably over- 
all. steam consumption than is obtained with existing types of 
naval machinery. As compared with the ditect-connected tur- 
bine,:it)materially increases the efficiency of both the turbines 
and propellers, thereby greatly increasing the overall efficiency 
and economy of the propelling machinery.’ The superior me- 
chanical’ performance of geared turbine machinery as com- 
pared with other types for a 28,000: S.HLP. battleship at 21 
knots’ speed is shown in Fig.14. BS 

steam obtained geared t turbines 
results in: 

(a) For. the same: of fuel, eater 
power, greater speed and greater steaming radius. 

(b) Or for-the same speed and radius of it enables 
the designer to give the ship considerably greater offensive 
and defensive to’ saving in = 

The of gered turbine achinery ‘is about half of 
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that required for any other type. In addition to this, of course, 
there is an even greater saving in boiler weights, fuel, and 
ship’s structure where the same speed and cruising radius are 
provided. ‘The space occupied by geared turbines is some- 
what less than that of either reciprocating engines or erat 
connected turbines. 

Great endurance and reliability together with practically no 
repairs result from the use of rotative machinery, which is an 
important advantage in comparison with reciprocating engines. 
This feature is even more pronounced with geared turbines 
than with direct-connected turbines because of the smaller and 
more rigid structures and rotating parts. As conipared with 
direct-connected turbines, geared turbines have ample back- 
ing and maneuvering power. This results from more efficient 
backing turbines and larger and more efficient propellers, the 
latter being the same as is used with reciprocating engines. 

The divided-flow type of turbine gives a very good economy 
at reduced power without the extra complication of cruising 


turbines... The: steam consumption iat: the cruising speed is 


considerably ;better obtained with direct-connected. tur- 
bines or, reciprocating engines. Since naval vessels do most 
of their at this ais: ani 

‘the construction ‘of! the is 
heavy and. rugged, and: ample’ precautions have been taken to 
obtain safety and reliability throughout. ; There are two tur- 
bines, on each shaft arranged so either turbine can be cut out 
and the: other operated. independently in case of emergency, 
thus guaranteeing safety against breakdown, which is im- 
portant ina naval vessel.’ The vessel could always proceed at 
nearly the full.power in:case one turbine should break down. 
The main turbines are provided with safety overspeed’ gover- 
nors, which prevent them ‘from exceeding the maximum safe 
speed.:. These governors, however, do not stop the turbines, 
which would be a disadvantage, particularly in case: the: ma- 
chinery was being forced, to; the limit a naval action, or ‘in 
the case of the propellers racing in a heavy seaway. 
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-The turbines have a considerable overload capacity and re- 
versing power, the latter being over 40 per cent. of the ahead 
full power with the same flow of steam, and considerably more 
with increased flow of steam during the short reversing pe- 
riod—not over two minutes usually. While the reversing 
power is less than that of a reciprocating engine, it is quite 
ample for the requirements. 

Many who are not familiar with geared turbines have the 
impression that with this type of machinery insufficient back- 
ing power is characteristic, the same as with direct-drive tur- 
bines, from which the present type was evolved. This, how- 
ever, is not correct. With the direct-drive machinery, due to 
the unfavorable speed at which they operate, the efficiency 
of both the turbine and propeller is low, giving a very low 
overall efficiency. With geared turbine machinery, however, 
both the turbine and the propeller operate at speeds which 
give high efficiencies for both, and relatively a much higher 
overall efficiency or stopping power. It is obvious that by 
doubling the efficiencies of both turbine and propeller the 
power of the turbine is doubled, and that of the propeller (the 
effective stopping power) is quadrupled, which is substantially 
the relation between direct-drive and geared turbines. 

It may be added that the size and efficiency of the pro- 
pellers are of more importance than high backing power. In 
stopping the vessel the large propellers used with geared tur- 
bines “take hold of the water” better. Hae 

The ahead turbines are provided with group control of the 
nozzles to obtain more economical distribution and use of the 
steam at all powers. 

In addition to the usual steam seals for the turbine glands 
water seals are also provided for use while the turbines are in 
normal operation. Since the latter give a perfect seal with 
absolutely no leakage whatever of steam into the engine room, 
or air into the turbines, their use is advantageous. : 

The turbine blading is of the Westinghouse standard type 
and is particularly rugged and substantial. The blades are 

29 
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held i in the rotor by mechanical interlocks and are omer se- 
cured against vibration. 

The Kingsbury thrust bearing incorporated in the gear is a 
great improvement over ars usual type of thrust block and its 
seating. 

The small size of the uhions and their more rigid and sub- 
stantial construction renders the high-speed turbines used in 
this installation very much less liable to distortion troubles 
than is the case with the large and comparatively light struc- 
tures of direct-connected turbines. This is one of the im- 
portant features of high-speed geared turbines that is often 
overlooked, but which is most important for naval service 
where great reliability is essential. 


‘ 
if 
i 
q 
il 
{ 
it 
j 
i 


_ INTERNAL STRESSES IN WROUGHT BRASS AND BRONZE. 433 


INTERNAL STRESSES IN WROUGHT BRASS 
AND BRONZE. 


By D. J. McApa, JR., AssocraTE. 


Increased use of wrought brass and bronze in recent years 
has been accompanied by increased instances of inexplicable 
failure. These failures occur in metal apparently of excellent 
physical properties. Sometimes the metal fails after a short 
time in service under stress apparently well within the elastic 
limit. Often the material is found broken after an interval 
of storage. 

As in all cases of metal failure, various causes may be as- 
signed. After eliminating all defects of composition and 
microscopic structure, there remain a large number of failures 
which cannot be ascribed to these causes. Within the last 
few. years it has been found that a very frequent cause of such 
failures is high internal stress. 


METHOD OF MEASUREMENT OF INITIAL STRESS. 


For measurement of these stresses a method has been de- 
veloped by Professor E. Heyn of Charlottenburg. - It may be 
illustrated by the sketch, Fig. 1. 

If a cylinder of length L, and radius R is to be ‘validied, 
the length is very carefully measured, and thin layers of 
definite thickness are then turned off, the length of the cylin- 
der being measured after removal of each layer. The original 
stress in any layer may now be calculated from the total 
change of length after removal of that i and of the next 
preceding layer. 

Let /n and Jn, be the total change of length of the cylinder 
after removing and m—x layers respectively ; let'rn and rn_, 
be the corresponding radii; let An and An_, be the correspond- 
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ing areas of cross section remaining after removing # and 
n—t layers respectively ; let E be the modulus of elasticity. 
The total force of tension originally exerted by the outer “7” 
layers must have been equal to the total original force of com- 
pression in the inner remaining layers. This total force of 
compression F may be calculated, using the usual equation 
for modulus of elasticity : stress = E multiplied by strain, or 


Fy _ Eh 
Similarly the original force of compression Fn_, in the inner | 


metal after removal of n—I layers may be represented by the 
equation 


L 


The original force in the mth layer is obtained by subtracting 
Fy_, from Fy, a positive remainder indicating tension. 


The force per unit area, or stress, therefore, i in the wth layer 
was 
E — (¢n—1) Eh (7n)? — 


DEFECTIVE MANGANESE-BRONZE PROPELLER SHAFT. 


Asan illustration of the practical application of this method, 
the case of a defective manganese-bronze propeller shaft may be 
described. The propeller shaft was one of several that had 
been installed in motor boats for the Navy. The shafting 
had passed inspection and been installed apparently in good 
condition. After running a comparatively short time, how- 
ever, numerous cracks developed. The particular shaft 
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examined had been driven by a gasoline engine of about 40 
H.P. at about 600 r.p.m. The shaft was about 1? inches in 


diameter. Fig. 2 shows the appearance of the piece of shaft 
submitted for test. 


The chemical composition was as follows : 


Manganese, ‘ ; . trace. 
Lead, . : . trace. 


‘TENSION ‘TESTS. 


The test pieces were taken from the central part of the 
shaft after all cracked metal had been turned off. The results 
are given in Table II. It will be noticed that the elongation 
of this material is slightly below the minimum (30 per cent.) 
required by the Navy specifications for rolled manganese- 
bronze, otherwise the material conforms to specifications. 


INTERNAL STRESS MEASUREMENT. 


Using the formula developed above, internal stresses were 
calculated from results of a series of measurements of this 
specimen of manganese-bronze. The experimental details 
were as follows: Two marks were made on the circumference 
of the cylinder at each end and on opposite sides. The length 
of the cylinder between each pair of marks was then carefully 
measured by a comparator. Over a definite length L between 
these marks thin layers were turned off and the length between 
marks measured after removal of each layer. The portion of 
the cylinder used for these measurements contained no visible 
cracks. The temperatures of the metal were carefully ob- 
served at the time of measurement, and allowance was made 
for the effect of temperature change. 
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The values thus obtained are given in Table I below. In 
using the formula for stress developed above 


— 


the aide of E was taken as 14,000,000. This value is about 
the average of the two obtained by tension tests, and cor- 
responds with the values given in handbooks. In interpreting 
the stress results given in column 6of Table I positive values 
Tepresent tension ; negative values represent compression. © It 
will be seen that the results indicate tension in the six outer 
layers and compression in the other three layers removed. 
The experiment was stopped at this point because the change 
in length had nearly ceased, and remaining material was to 
be used for the above-described tension tests. 


TABLE I.—INTERNAL STRESS MEASUREMENTS. 


I 2 | 3 4 5 6 7 
Length between | Average 
total change Len of 
of length be} ‘Section | sion ( Ibs. 
tween marks) 
(inches). (inches). | per sq. in.). | Layers. 
(a) () 
L Ss 
1.747 | 6.82219| 6.78286 5.24 
1.692 | 6.82270| 6.78382 5-24 
1.642 | 6.82495 | 6.78573 | 5-24 
1.592 | 6.82615 | 6.78721 5.24 49,300 h 
1.492 | 6.82814| 6.78923 5-24 
1.392 | 6.82983| 6.79129 5-24 
1.192 | 6, "8368 6.79409 5-24 7th 
0.992 | 6.83240| 6.79522 5.24 
9.792 | 6.83329| 6.79593 5-24 515) 


The results recorded in Table I were plotted as shown in 
Figs. 3 and 4. In Fig. 3 tensile stresses in the various layers 
are plotted ‘as ordinates, and radii of the layers as abscissas. 
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In Fig. 4 tensile stresses in the various layers are plotted as 
ordinates, while sectional areas included within the layers are 
plotted as abscissas. 


SUMMARY OF RESULTS. 


The results plotted in Fig. 3 show that the outer layers of 
this shaft were under great internal tensile stress, while the 
interior of the shaft was under compressive stress. Near the 


FIG. 3. 


circumference of the shaft the initial tensile stress was evi- 
dently above the average tensile strength of the metal. In 
the extreme outer layer, however, the recorded stress is much 
smaller than in the layer next within. ‘The reason for this 
abrupt change of stress in the outer layer is discussed below- 

The full lines in Fig. 3 show the calculated values as 
plotted. Since in the calculations the stress was assumed 
constant throughout each layer, the ‘plotted results form a 
rectilinear figure. In fact, however, there was tindoubtedly 
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a gradual change of stress from circumference to center of the 
shaft, This change is illustrated in the figure by the smooth, 
dotted line curve. 


When internal stresses are plotted as ordinates against 
section areas as abscissas, as illustrated by Fig. 4, the total 
forces'in tension and compression can be calculated and com- 
pared. ‘The total forces are represented by the areas included 
between the curve and the axis of abscissas. Theoretically 
these total forces in tension and compression must be equal. 
An actual count of areas in Fig. 4 showed that there are 


“Fic. 


approximately 14.4 large squares representing ‘total tensile 
force and 14.7 squares representing total compressive force. 
The agreement is, therefore, as good as could be expected. 


| 
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CAUSE OF FAILURE OF an SHAFT. 


The great internal stress in the outer layers added to the 
stresses in service undoubtedly started the cracks in the metal. 
When one considers that the measured internal stress near 
the circumference of the shaft. was considerably greater than 
the average tensile strength of the metal, and probably was 
originally as high as 100,000 pounds per square inch at the 
extreme outer surface, the failure of this shaft in service is 
easily understood. The lowered stress in the extreme outer 
layer, mentioned above, was probably due to yield of the metal, 
with development of the hair-cracks ; the stress was thus 
telieved in part. 

At first sight it may s seem improbable that stress anywhere 
in the metal could remain at or above the average tensile 
strength without causing gradual yield and relief of stress. 
Undoubtedly, however, the outer layers’ had been hardened as 
a result of the manufacturing process, so that the yield point 


of the metal near the circumference was precticalty equal to 
the tensile strength. 


OTHER EXAMPLES OF FAILURES DUE TO INTERNAL 
STRESSES. 


The above example, described in detail, is typical of many 
instances of such failures. Perhaps the most conspicuous 
experience of this kind has been that of the Board of Water 
Supply of the City of New York with the use of brass and 
manganese-bronze in the Catskill aqueduct. Mr. Alfred D. 
Flinn, Deputy Chief Engineer, says: ‘These defects were 
found to be so general, were so distributed through the output 
of various manufacturers, and were so common in the different 
kinds of brass, that all wrought brass fell under suspicion.” 

Fig. 5 shows a piece of cold-rolled manganese-bronze bar 
kindly sent to the writer by Mr. Flinn: In this bar many. 
transverse cracks are visible. The bar has been slightly bent 
to make the cracks more conspicuous, Many such specimens 
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have been tested at the Bureau of Standards and found to have 
high internal stresses which undoubtedly caused the failure. 


CAUSES OF HIGH INTERNAL STRESSES. 


. The reason for internal stresses in metals may be discussed 
generally, although the actual method of manufacture in the 
‘above described examples is not known. Any process of 
working metal which: causes the center of the mass to be 
extended more than the outer surface, tends to leave the 
central portion of the mass under compressive stress and the 
outer portion under tensile stress. For example, in the 
process of cold drawing the center of the rod is drawn out 
more than the circumference, thus causing the above men- 
tioned stress relations. On the other hand, any process of 
manufacture, that extends the outer surface more than the 
center, tends to cause compressive stress in the outer portions 
and tensile stress in the inner portions of the mass of metal. 
Such conditions, for example, are caused by forging with a 
light hammer, whose effect is confined chiefly to the outer 
layers. 

Unequal extension of interior and checoubiewios may be due 
to difference in the temperatures at the time of working. If 
the exterior has become much cooler than the interior, the 
softer interior is extended more than the exterior. This con- 
dition may occur in forging by press. 

In addition to internal stresses set up by mechanical pro- 
cesses, it is well known that such stresses are often caused by 
unequal rates of cooling in different parts of a mass of metal. 


REMEDIES FOR INITIAL STRESSES. 


Although, as described above, internal stresses can be 
regulated somewhat by the process of working the metal, it is 
usually necessary to employ other means to insure the absence 
of such excessive stresses. For this purpose, annealing at a 
carefully regulated temperature and for the proper length of 
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time is usually most effective. It has been found that dan- 
gerous internal stresses can often be relieved in this way 
without unfavorable effect on the physical properties of the 
metal. Since, therefore, the prevalence of initial stresses in 
wrought brass and bronze has been brought to light, there 
_seems to be good reason to‘hope that manufacturers will take 
steps to improve the quality of metal in this respect, and that 
methods of inspection will be modified so as to insure the 
absence of such dangerous conditions. ° 
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FORCED LUBRICATION. 


By LIEUTENANT ComMANDER A. T. Cuurcnu, U. S. N., 
MEMBER. 


The following is a compilation of forced-lubrication data 
for the most part from reports of officers in the Fleet. 

Fig. 1 shows an arrangement of pipes for forced lubrication 
for reciprocating engines of the U. S. battleships and cruisers. 

Fig. 2 shows an arrangement of pumps, tanks, filters, etc., 
for forced lubrication for reciprocating engines of battleships 
and cruisers. 

Oil is supplied under pressure to main bearings, crank-pin 
bearings, ' crosshead pins, crosshead guides, eccentrics, and 
ahead faces. of thrust-bearing horseshoes. At each main 
bearing a radial hole is drilled though the wall of the crank 
shaft to the axial hole in the shaft. In the path of this hole 
an annular recess is cut in the bearing brass. In a similar 
manner radial holes are drilléd through the shaft and each 
eccentric to the axial-shaft hole. The axial hole in the crank 
shaft is connected to the.axial hole in the crank pin by drilling 
a hole in the crank web. Radial holes are drilled in each 
crank pin to the axial hole in the pin. The axial hole in the 
connecting rod is extended through the crank-pin brass to the 
crank pin. The result of all these holes is to form a closed 
circuit for the oil from the main bearing supply pipe to the 
top of the connecting-rod axial hole. Oiltight caps are fitted 
at the ends of axial holes in the crank shaft and crank pins. 
A gage and thermometer is fitted at each bearing. | 

_ Referring to figures 1 and 2, in the engine and pump room 
are located a forced-lubrication service pump, a service and 
return pump and a return pump; a supply oil tank and a 
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water and oil-settling tank; three strainers for supply oil tank, 
two strainers for discharge to engines, one suction-well strainer 
box and one drain pump. The supply oil tanks are cross con- 
nected. Oil is supplied to the bearings by either the service 
pump or the service and return pump, the oil passing through 
strainers, either pump being capable of using either strainer . 
‘and its own discharge line. At each bearing two valves are 
fitted, one for each oil-feed line, for the purpose of regulating 
the flow of oil. 

The course of oil through the system is as follows: The 
service or the service and return pump draws the oil from the 
main supply tank through the suction-well strainer box and 
discharges through strainers to engine supply pipes. From 
the main supply pipe branch pipes conduct the oil to the main 
bearings through holes in the bearing caps. The quantity of 
oil supplied is regulated by valves at the bearings. Annular 
grooves distribute the oil through the main bearings and into 
the crank-shaft axial hole through the radial holes in the 
journal. The crank pins are lubricated through the hole in 
the crank web connecting the axial holes in the shaft and web 
and the radial hole in the crank pin. The eccentrics are lubri- 
cated through the radial holes drilled in the shaft and in each 
eccentric. The crosshead pins are supplied through pipes 
leading from the connecting rod through the crosshead pin 
and out through radial holes, — 

The thrust bearings are supplied by pipes from the main 
supply line. Valves are fitted at each thrust to regulate the 
supply. After performing its function, the oil is forced out at 
the ends of the bearings and drains to the crank pit, which 
serves the purpose of a trough for catching the oil. From the 
crank-pit oil well the oil is drawn by the return pump and 
delivered through strainers to the main supply tank, thus com- 
pleting the cycle. 

The settling tanks provide a means for allowing impurities 
to settle, after which the cleansed oil can = returned to the 
system. 
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Fig. 3 is a diagrammatic arrangement of the forced lubri- 
cation for the turbines of a battleship. The oil pumps take 
their suction from the drain tank and discharge through a 
quadruple-flow cooler and thence to the different bearings, 
from which the oil drains by gravity to the drain tank. 
Strainers are fitted in the pump suctions. The discharge of 
oil from each turbine bearing is through a sight-feed’ glass, so 
that the flow ‘of oil can be observed. A thermometer is fitted 
in each discharge. A valve for independent regulation of the 
flow is placed at each bearing. ‘There is a complete system for 
the bearings on the port side of the ship anda system similar in 
all respects for the starboard side, the two systems being cross 
connected, so that in case of emergency the system on either 
side will provide lubrication to all bearings on both sides. 

Where reduction gearing is fitted oil is led from the main 
supply pipe to a series of nozzles in the gear case. The nozzles 
are arranged to spray the oil at the point of mesh in both the 
ahead and backing directions. 

Fig. 4 shows the details of oiling for a main bearing atid 
for a thrust bearing. The oil drains from the bottom of these 
bearings to the return oil pipe and thence to the drain pipe. 


OPERATION. 


On reciprocating-engine ships statt the pumps from ten 
minutes to half an hour before getting underway. After start- 
ing the pumps they may bé run for five minutes to insure that 
all bearings are getting a plentiful supply of oil and to fill the 
system so that the working pressures will be attained rapidly 
when pumps are started, then secure them and start again at 
the first bell for getting underway. Stop the pumps as soon 
as word is received from the bridge to secure the main en- 
gines, if they have run sufficient time after the last ‘ee for all 
bearings to receive fresh oil. 

On turbine ships oil pumps should be aatiass from two. to 
three hours before getting underway and run after engines are 
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secured as long as the main circulating pumps are kept run- 
ning. This is usually from two to three hours, although the 
Florida runs them from six to eight hours. 


‘PRESSURES. i 


Pressures used by different vessels are as follows: 

U. S..S. Texas (Reciprocating Engines): ‘On the main 
engines the. pressure usually carried at the pump is 20 pounds. 
Running at full power this pressure is increased to 30 pounds. 

U.S. S. New York (Reciprocating Engines): Pressures 
carried on discharge side of strainers are from ki to 30 
pounds gage.. 

U. S. S. New Hampshire (Reciprocating Engines): Be- 
tween 10 and 20 pounds by the oil-pressure gages on the va- 
rious parts of the system. 

U. S. S. Delaware (Reciprocating Engines): Fifteen to 35 
pounds, depending upon viscosity of oil and speed of ‘main 
engines. . 

U, Ses. Michigan (Reciprocating Engines) : An oil pres- 
sure of 10 to 25 pounds is carried, depending upon the speed 
of the engines. : 

U. S. S. Florida (Parson Turbines): The pressures car- 
ried on Parson four-shaft turbines are 50 pounds at pump and 
10 to 12 pounds on farthest bearings. 

U. S. S. Arkansas (Parson Turbines): For cruising sends 
the starboard oil-pump discharge pressure is 50 pounds gage, 
the port 65 pounds gage. This gives an average oil pressure 
at the bearing of about 5 pounds gage on each engine. 

U. S. S. Utah (Parson Turbines): Pressure at pump be- 
fore passing through cooler, 25 pounds; pressure in system 
after leaving cooler, 12 pounds; average pressure on bearings, 
9 pounds. 

U. S. S. Wyoming (Parson Turbines): Pressure carried 
at farthest bearings for 10 knots and shone oa pounds, for | 
below 10 knots, 9 pounds. 


Paw 
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- There are two classes of leaks: (a) oil, (b) water. Either 
class may be detected by the daily record of the quantity of oil 
in the drain tanks. If this tends to decrease abnormally it 
indicates an oil leak in the system, which is easily detected by 
inspection of bearings and piping. If, of the other hand, the 
drain tank gains oil it is an indication that there is a leak in the 
oil coolers permitting the circulating water to flow into the oil. 
The leak itself is detected by a pressure’ test of the cooler. No 
difficulty should be encountered from, leaks. when reasonable 
oil pressures are carried. 

Oil leaks in coolers may be detected by means beh a small 
pipe tapped into the highest ‘point of the salt-water side of 
cooler. This pipe serves as a means of getting rid of air, and 
will show oil if any is leaking from the oil to the water side 
through the tubes or ferrules of the cooler. 

If the oil gages show a sudden drop i in pressure and ‘the 
supply, pump speeds up, inspection should be made to find the 
cause, which is usually the flooding of some part by opening 
the feeder valve too wide. If the pressure gradually drops 
and _ the supply pump speeds. up accordingly, the trouble is 
usually due to wear of grasshopper joints to crosshead bear- 
ings or in main bearings, and should be remedied in port. . 

If the baffles at the ends of bearings are injured, oil is 
thrown out as the shaft revolves, and may be thrown out if oil 
pressure on the bearing is too high: 

A ready means of remedying leaks in engine casings | is by 
filling cracks with litharge and glycerine. 


UNDERWAY. 


A careful watch should be kept on ‘the pumps to see that 
they do not lose their suction and to’keep the pressure constant. 
A careful watch should be kept on the temperaure of the 
main bearings and thrust bearings, and the system should be 
frequently examined for the purpose of’ detecting — “gee to 
see that the oil is $ running” freely. 

30 
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Oil strainers should be cleaned every watch. p 
. Effort should be made to keep. the temperature of oil leaving - 
the coolers not less than 90 degrees nor more than 110 degrees. 

A record of average bearing temperatures under various 
conditions, of speed, temperature of circulating water, etc., is 
of considerable value in determining whether or not tempera- 
tures are normal under varying conditions. 


TANKS, DRAIN POCKETS. 


Where accessible, the ‘drain pockets under main bearings 
should be frequently opened, drained and cleaned,. as a very 
heavy. sludge is apt to collect there. 

Frequent inspection and care of the strainers in the system 
will aid in keeping the tanks in good condition. ; 

Tanks should be inspected as a matter of monthly routine. 
When tanks are inspected oil should be pumped to a treating 
tank, when available, and the oil treated by raising the tem- 
perature high enough to precipitate all water and sediment. 
The tanks themselves should be boiled out and swabbed. 

It i is not necessary to allow the oil to cool after heating be- — 
fore drawing off the water. “The settling out is practically all 
done while the mixture is s hot, and waiting: for it ‘to cool has 
little or no effect. 


OILS. 


Conditions in forced-lubrication systems are quite different 
from those in sight or wick-feed systems. Since the oil'is used 
over and over again, ‘any that may be squeezed out from be- 
tween the bearing surfaces does not represent a loss; also the 
oil can be supplied in any amount, thereby eliminating the 
possibility of an insufficient supply to the bearings.. Therefore. 
a lighter oil may be used'than with the wick-feed. . ; 

_ Every effort should: be made to. exclude water, since. the oil 
must be kept in continuous circulation, and the effect of a water 
dJeak soon becomes cumulative. One of the primary requisites 
of a forced-feéd oil is that it. must not saponify and must 
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separate readily from water. Too much care cannot be exer- 
cised to keep the oil clean and free ‘from the least grit veaie 
excessive wear of bearings be avoided. 


TESTS. 


Heat i up to 400 angie F.; on cooling, oil should not 
be much darker than it was before heating. 

Fill a bottle one-quarter full of ‘oil and then add twice as 
much boiling water as there is oil, shake well, and allow mix- 

ture to stand or settle.’ There should be no ‘deposit, and the 
line of separation between the oil and water should show 
practically no paraffine or solid matter. The oil and water 
should separate wholly, and there should be no emulsification 
or saponification. 

Fill a test tube with oil and strained wie Shake well 
and allow to stand for a few minutes. The gasoline, oil and 
any water that may be in the original oil will form,three dis- 
tinct layers, and the test gives an indication as to whether or 
not the oil requires heat treatment for elimination of water. 

The Bureau of Steam Engineering requires that forced- 
lubrication oil for main engines must be a pure mineral oil 
with sufficient body, must not form an objectionable emulsion 
when steam is bubbled through it; and when stirred vigorously 
for five minutes with cold or boiling distilled water or salt 
water, must settle out promptly, leaving as a deposit only a 
small percentage of separated matter. 

Suitable oils for forced-feed lubrication are Texaco Ursa 
(heavy oil; 750 viscosity at 100 degrees F.); Texaco Algol 
(heavy oil; 500 viscosity at 100 degrees F.); Texaco Alcaid 
(medium oil; 300 viscosity at 100 degrees F.); D. T. E. 
heavy (medium oil; 300 viscosity at 100 degrees F.) ; Texaco 
Cetus (light oil; 200 viscosity at 100 degrees F.). 

Engineer officers should acquaint themselves with the. Bu- 
reau of Supplies and Accounts’ memorandum, which shows 
oils suitable for different purposes, so that the wrong oil will 
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not be used when a special kind of oil is necessary. In some 
cases a. very high-priced oil has been used when a much 
cheaper oil would answer satisfactorily, and in other cases 
complaints have been received when a low-priced oil has been 
used for the wrong purpose. The lubricating value is de- 
pendent upon the quality of the oils, and a mixture of different 
oils gives a result closely approximating the average lubricating 
value of. the oils mixed. . In forced-lubrication systems it is 
permissible to add oil of a different brand to make up losses, 
and oils may be changed without it being necessary to take all 
of the old oil-out of the system before the new brand can be 
used. vi 
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By LigutrENANT CoMMANDER H. T. Winston, U. S. N., 
MEMBER. 
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Tests oF PACKINGS. 

Tests oF GASKETS. 

Navy DEPARTMENT 
TIONS. 


(1) GENERAL REMARKS, 


As any one handling machinery has no doubt on various oc- 
casions experienced trouble with gaskets and packings, ‘and the 
Navy is a great public institution which has worked on the 
problems involved for many years, some of the results of these 
investigations, tests, and the consequent ‘conclusions arrived at, 
should be of interest to the engineering profession. 

The types of packings and gaskets actually being used and 
found ‘most desirable will be shown later. Also, in appendices 
will be found specifications for a number of types, and infor- 
mation with regard to tests required at the Engineering Ex- 
periment Station, Annapolis, Md., for such kinds as cannot be 

well covered by ordinary specifications, but are purchased as 
a result of meeting test requirements. In effect these special 
tests serve to establish “ acceptable lists” of certain types of 
packings and a gaskets which have met the severe test require- 
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ments. It is necessary to know something of the components 

of packings and gaskets to be able to efficiently select and use 

them. 

(2) PHYSICAL PROPERTIES OF PACKING AND GASKET 
MATERIALS. 


Rubber compositions, containing perhaps only a small 
amount of rubber, are generally needed to resist the leakage 
of water and to provide elasticity or resiliency. They are, 
however, especially the poorer grades made of shoddy or old 
rubber, subject to rapid deterioration, drying out, cracking and 
becoming brittle. Heat burns or oxidizes rubber, slowly or 
rapidly, depending upon the amount of heat applied, as any one 
knows who has used an ancient pair of overshoes or noticed 
an old rubber batid around a package of papers. a: oa 
znd other substances readily attack and’ dissolve or “eat up” 
rubber. To sum up, rubber is an expensive article and has 
ordinarily a short life of usefulness. 

Rubber cement or compound (“ friction ne is 5 weed to hold 
the different parts of built-up gaskets or packings together, 
and to impregnate or coat asbestos or other fiber in such a 
manner that it will not become water-soaked and fall to pieces. 
The quality of this compound is most important in spiral-rod : 
packings or boiler gaskets made of woven asbestos cloth, and 
in compressed sheets of asbestos fiber, The use of an unsuit- 
able compound is a very common fault of manufacturers, with 
the result that many packings and gaskets soon go to pieces in 
service, and some cannot even stand being kept on hand a few 
months i in the ordinary storeroom. 

Some of the compounds which have given De pens 
contain barium sulphate, zinc oxide, about 15 per cent. of rub- 
ber and 2 or 3 per cent. of sulphur. Those which look like 
white lead, or have a sort of chalky appearance and can be 
easily flaked off, may always, be counted upon to prove | ineffi- 
cient in service. 

Asbestos fiber i is essential where high heat must be resisted 
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and metal alone cannot be used.’ Only the long-fiber asbestos, 
which is hard to obtain, will weave into a proper cloth ‘or 
other structure necessary to make a high-grade boiler gasket, 
_ or asbestos rope or spiral-rod packing: The shorter fiber 

asbestos can be spun and woven with the addition of consid- 
erable cotton, but heat will soon burn up the latter. 

As asbestos readily becomes water-soaked it must be pro- 
tected from water by a protective coating or cement, which 
latter is liable to deterioration if exposed to oil or gasoline. 

Pure asbestos alone does not hold together well, and in the 
loose form will soon be washed away by water, or fall apart 
when subject to vibration: unless peat: in a bag of whaeins 
cloth or other container. 

| Short asbestos fiber is. fiber; ond 
entirely suitable for use’ when-compressed ‘and firmly cemented 
together to form a lagging material or sheet packing, except 
that very thin’ sheets’ require somewhat longer fiber than thick 
ones. It is not generally known that each ‘separate fiber of 
asbestos, as mined, is in the form of a complete’cylinder. > 

Wire insertion, brass-wire mesh, or, under present condi- 
tions, copper-wire mesh as a substitute, is used to strengthen — 
rubber composition sheets. Also extra-strength asbestos cloth 
is made from strands of asbestos spun around wire. This 
type is not suitable for piston-rod packings, since the strands 
of wire soon tend to score the moving rod. .— 

Metals used in making gaskets or packings sbioiaded be dott 
and compressible, such as copper, brass, monel metal, white 
metal, etc. :They must be non-corrosive under the conditions 
to which they are subjected’ in service or coated to protect 
them from liquids causing corrosion, and when’ subject to 
vibration or heat must not melt nor soon become brittle. When 
metal is used to form a rigid-type gasket, it is necessary that 
the gasket be carefully made the exact shape and’size required. 
Corrugated’ copper gaskets have given’ fairly good ‘results ‘in 
making tight joints, but their general use is not desirable. A 
great many different sizes have to be carried as spares, they 
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are not easily cut from the copper sheet, vibration and heat 
are likely to make a gasket in use brittle, and the use over 
again of an old gasket requires first the trouble of annealing 
and second reforming ina special corrugating machine. With 
the softer composition sheet packing any sized gasket is easily 
cut and the old gasket quickly renewed. 

A number of braided metallic packings and per re- 
enforced with strips of metal, intended for use in slip joints 
and other steam stuffing boxes, are on the market. They are 
expensive and soon form under heat in a stuffing box a hard, 
solid mass which is difficult to remove. Where movement of 
a piston rod or gland is experienced a little wear is likely on 
the surface of the solid mass of metal, causing a steam leak. 
Such a leak cannot be stopped by setting up on the gland. 
When there is no, motion very good results may -be, obtained 
with braided metal packings. .:.In.a few.cases they have lasted 
for years, but their general .use-is not desirable. .;Many soft 
metal composition: packings in the form of shot, small bars, 
etc., are largely advertised. The writer considers the regular 
“ soft. packings ” far more desirable for general use. 
~ A good composition for small metallic. packing rings is 88 
per cent. lead, 8 per cent. antimony and 4 per cent. copper. 
Navy antifriction metal, or babbitt (about 4 per cent. copper, 
89 per cent. tin and 7 per cent. antimony) may be used as a 
water packing, but fuses too easily for use with, steam. 

The best types of built-up sectional metallic packings must 
be used for main engine piston. rods, and in other places 
where a moving rod has side play. A composition of 38 per 
cent. copper and 62 per cent. lead ‘has given good results. 

Flax is required for gland water packing where strength 
and lasting qualities are needed... Long fiber Russian flax, 
which combs out to give a brush at least a foot long, is the 
best and is desirable for stern-tube glands or pump plungers. 
Italian flax gives fairly good results. Substitutes of jute, 
hemp, ete:, easily become water-soaked and soon go to — 
especially when around a moving tod or shaft:: 

Tallow, greases and oils are used as a protective coating to 
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prevent absorption of water and as a lubricant. They should 
not be of such a nature that they become rancid or form acids. 
When a moderate amount of heat is to be encountered tallow 
or a heavy grease with a high melting point is necessary. 
Light oils and greases are likely to melt and run out of or, be 
squeezed out of packings. Gland packings saturated with 
light grease are simply a waste of good material, since nearly 
all the grease is squeezed out when a stuffing box is set up 
tight; heat alone or heat and pressure soon make the lubricant 
a matter of ancient history.* 

Cotton. is used in the form of cloth to fossa He composi- 
tion or built-up packings, to provide the necessary fiber for 
spinning asbestos into yarns, and as a pure cotton cloth or 
yarn; for example, corset lacing. It burns easily and will not 
stand high heat; water is readily absorbed and will rot the 
fibers unless some manner of water-proofing is resorted to. 
— Compressed wood fiber, or other vegetable fiber, impreg- 
nated with a paste of sodium silicate, is used as a packing 
for gasoline and oil joints. A common form of gasket of this 
type is one of ‘nee paper, which often gives excellent service 
under: many different conditions provided’ joint surfaces are 
smooth enough to permit the use of such a thin gasket. 

Graphite i is used as a lubricant on the surface of packings 
and has the advantage of resisting high heat. In some cases 
gland packings are heavily coated with graphite, most of 
which falls off in handling and is wasted. Attempts have been 
made to utilize graphite as a core for gland packings, with the 
idea that it would gradually work out to the surface. and 
lubricate it. ‘Such’ attempts have’ not been. successful, and, in 
fact, even in the best packings, “only a small portion of the 
graphite, which forms a smooth glazed outside surface, ap- 
pears to serve any useful purpose. 

Graphite on one side of a gasket. prevents that side sticking 
when the joint is broken again. 

_ Red lead on the side of a gasket hardens and firmly: holds 


* For further information about oils, greases ‘and graphites, see an article on 
“ Navy’ ‘Lubricants and Lubrication” in the May, 1917, JournAn 
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that side of the gasket to the flanged surface. It also tends 
to fill up cracks or inequalities of the surface. 


(3) PACKINGS USED FOR THE WRONG PURPOSE. 


Careful regard to and understanding of the ingredients 
which make up a packing will prevent the use of a perfectly 
good packing where it is wholly unsuitable. Often the pack- 
ing is blamed when Abe of user causes the 
trouble. 

Common mistakes are to expose rubber to heat, ‘ps aels or 
oil; to cut up a high-grade packing with a rough pump or pis- 
ton rod; and to use a low-grade valve-stem packing oe a 


(4) PURCHASE AND CHOICE OF PACKINGS: 


Most manufacturers claim to have secret processes. of manu- 
facture and special ingredients in their packings which will 
cause unusually good results. Those who offer something 
claimed to, be far superior to anything else on the market, or 
said to give wonderful results under any and all conditions, 
seldom can, supply, an article as good as the ordinary standard 
brands. It may be stated that packings are in a class similar 
to patent medicines—both, are often claimed to be “ cure-alls,” 
the public knows little about what they contain or should be 
composed of, and extravagant | advertising or enterprising 
sales, agents may produce a wide sale of inferior products. 
When possible a reliable company should be dealt with, and 
efficiency in actual service guaranteed in a written contract, 
which states that all packings found unsuitable are returnable 
as rejected material . without any expense whatever to the 
purchaser. 

As a rule, special and unusual patented packings are to he 
avoided. Generally only the manufacturers know how to in- 
stall and use them properly, they have to be specially made up 
to fixed dimensions and ordered in advance of requirements 
trom the particular firm which makes them, it\is probably 
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“necessary to carry a large number. of spares for emergency 
use, and the cost is nearly sgh much greater than for ordi- 
nary types. $y” 

(5) SIMPLE TESTS FOR 


Any type of packing which shows marked deterioration 
when kept in a.storeroom,. office or elsewhere for a few 
months under ordinary conditions, is evidently unsuitable for 
general use. Some rubber composition sheets dry out and .be- 
come brittle, so they crack easily when bent with the hands; the 
cement, used to hold together the layers of composition sheets, 
“loses its. life’ and the layers. come apart; certain. pis- 
ton-rod, or other spiral-gland packings, get into such shape 
that. they almost fall, to pieces, or loose graphite falls off, or 
light oils, melt, ooze. out and evaporate. A simple test as to 
whether or not a packing i is subject to rapid deterioration in 
store, is to bake it for a couple of days in a dry heat.of about 
212 degrees F, The will not show much 
change. . 

packing, to ‘stand. a wadexate heat should. not 
contain much rubber or burn easily. If a strip of it can be 
readily lighted with a match and’ burned, it ‘is not suitable. 
Often, good information as to a packing’s composition is 
obtained by soaking a small piece in gasoline over, night. This 
softens and dissolves the rubber cement, enabling an examina- 
tion of the other substances in the packing, and shows how it 
will stand up when attacked by gasoline or oil. 

Asbestos packings intended to. stand high, heat may. be 
burned. in. a hot flame, They should not burn when gentle 
heat is applied, and a hot flame should leave the general struc- 
ture intact. A large cotton content. would burn out, leaving 
the burned mass in such shape that it easily crumbles to pieces. 

Packings intended for steam and hot - water joints should 
effectively withstand four or five hours’ boiling in water, or 
exposure to live steam at 200 pounds’ pressure. for four hours, 
without material change." 

H ‘igh - grade asbestos cloth should. be a ‘closely woven 
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of long fiber asbestos, showing not less than 20 strands of 
two-ply yarns on one cut edge of the cloth and not less than 
11 strands on a cut edge at right angles to the first. By pulling 
apart a yarn the asbestos fibers. may be seen. They should 
be at least an inch long; also when a yarn is burned with a 
match it should not light very easily, particularly if the “ fric- 
tion” has first been washed out with gasoline, and the yarn 
should remain practically intact after burning. 

High - pressure steam spiral - gland packings for steam-line 
slip joints, pump-rod stuffing boxes, etc., must have a firm 
and compact structure. A large rubber core, which quickly 
hardens under heat, is objectionable; a creamy or yellowish 
colored cement or friction between the layers of cloth seems 
best, and the body of the packing should be so built up that'it 
will not fall to pieces or Rca water-soaked after a nivale 
wear. 

Simple tests and examinations cannot) of ‘course, ‘teplace 
the elaborate laboratory and service tests, but. experience has 
shown that any one can, with little difficulty, by means of such 
simple tests, reject the majority of unsuitable packings. 


(6) STANDARDIZATION DESIRABLE. 


Simplification and standardization is an axiom when effi- 
ciency is desired. In a large organization like the Navy, with 
its personnel ashore and afloat in all parts of the world, origi- 
nally drawn from many localities, and constantly changing 
and being transferred from one place to another, standardized 
methods and material are particularly important. Hence, as 
few types of packings and gaskets as possible are chosen and 
supplied as standards to the whole establishment. These are 
shown a little later, and are’ such that all are obtainable from 
a good many different manufacturers. 


(7) ADVANTAGES OF ANNUAL CONTRACTS. 
Standardization is ‘obtainable only when large amounts of 
materials are advertised for and purchased through a céntral 
agency. This agency must also supervise the drawing up of 
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the specifications for the materials, the tests conducted, in- 
structions sent out with regard to issue and use of contract 
supplies, their inspection, and, finally, must collect and tabulate 
data concerning results obtained in actual service. The latter 
may prove difficult when little information or inaccurate re- 
ports comprise much of the data received. 7 

After receiving the technical advice and recommendations 
of the Bureau of Steam Engineering, the Bureau of Supplies 
and Accounts of the Navy Department draws up the contracts 
and arranges for the distribution of the contract materials, 
through Paymasters (Supply Officers in this case), to the 
various vessels and shore stations. Other bureaus of the 
Navy Department generally also use these packings and gas- 
kets, but may purchase special types if they so desire. 

Standard specifications, standard types of packings, - lists 
covering brands tested and found acceptable, and annual con- 
tracts covering the standard types, do away with small local 
purchases at high prices of possibly inferior materials which 
would involve considerable labor on the part of many indi- 
viduals, and supply everyone who has had a little mechanical 
experience with something he can use intelligently.* 


(8) PACKING CONTRACTORS. 


Some of the firms who have bid for and obtained packing or 
gasket contracts with the Navy in recent years are: (The 
names of all appear in the “Government Advertiser”) : 
B. F. Goodrich Co., Peerless Rubber Mfg. Co., Crandall Pack- 
ing Co., Manhattan Rubber Mfg. Co., Revere Rubber Co., 
Consolidated Packing & Supply Co., Durabla Mfg. Co., Johns- 
Manville Co., Goodyear Tire & Rubber Co., Montgomery 
Bros., Inc., U. S. Rubber Co., Anchor Packing Co., New 
York Belting & Packing Co., Belmont Packing & Rubber Co., 
Flexitallic Gasket Co., Danubil Co., Gutta Percha & Rubber 
Mfg. Co., Fibre Finishing Co., Inc., Keasby & Mattison Co., 
Asbestos Textile Co., Inc., Philip Carey Co., Raybestos Co., 
and Vulcan Asbestos Mfg. Co. 


* Further information about annual contracts will be found under “ Navy Lubri- 
cants and Lubrication” in the May, 1917, JourNat. 
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(9) TYPES OF NAVY CONTRACT PACKINGS. 


; Test required before being ‘considered acceptable. , 
covered by standard leaflet specifications. 


Kind. 

+(a) Superheat sheet of 
pressed asbestos fiber. 

Asbesios cloth sheet. 


(c) Asbestos cloth tape. 


+(d) Rubber sheet, wire. insertion. 


(¢) Rubber sheet, cloth insertion, 
Grade No. 1. 
(f) Rubber sheet, cloth insertion, 
Grade No. 2. 
(g) Compressed wood-fiber sheet, 
or — paper. 


Kind. 
t(h) A. P. pistensrad spi- 
ral form of woven asbestos. 


(i) Valve-stem packing, impreg- 
nated asbestos rope or cord. 

Flax. packing, braided. flax, 
soaked in tallow or other 
grease. 

(k) Tucks packing, square or 
round, layers of canvas and 
hard rubber. 

(1) Special ice-machine packing: 


Soft, rectangular, L. P. 
spiral packing of rubber and 
duck. 


(m) Asbestos wick or rope pack- 
ing, loosely twisted pure’ 
asbestos with abont 15 per 
cent.. cotton, 

(n) Corset lacing or condenser- 

tube packing. 


Not 


Cost of © 
; 1/16 sheet 
Purpose. per sq. yd. 
High-pressure steam or internal- ~ 
combustion engine joints..... $1.70 


_Rough-joint, surfaces where (a) 


cannot be used....... 
For use where more economical 
than 
For use in special cases (hot .» 
water and. exhaust steam) 


_ instead of (a) or (b)....... 
Permanent cold-water joints, not 
expected to be broken../.... 2.60 
General use for cold-water 
Gasoline, oil and water joints... . 1.15 
of 
3 
Purpose. diameter. 


Stuffing boxes of rods of en-)' 


gines and pumps, and steam- _ 
line slip joints............... $0.60 
Steam glands of globe-valve 


spindles, 0.40 
Cold-water packing for stern 
glands, pump rods, pump 
‘plungers, 0.25 
Hot-water packing for pump 
plungers, etc........ 0.20 
Stuffing boxes of ‘expander and 
compressor rods ............ 0.18 


Use where high heat only (and 
no motion or movement) is 
to be 


‘Cotton cord for packing ends 
condenser tubés, etc. 


It will be noted that (b), (d) and (e) are very expensive and their ‘Vise is sel- 
dom absolutely necessary. ‘The use of (c) may be desirable, since no waste material 


is left over due to cutting out gaskets. 
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All prices in the foregoing tables. are per yard or square 
yard (not per pound), in order to show actual comparative 
values of cut gaskets or the quantity necessary to. pack a stuff- 
ing box. Due to wide variations in weights of different 
brands, comparisons of “ per pound”’ prices do not mean very 
much, though more convenient, since the weight of any . 
amount of packing is easily and quickly obtained} and hence 
most packings are sold by the pound. The’ prices shown 
should be considered as comparative and in round numbers; 
they cover prices paid for very large amounts, and good — 
ings at retail would cost more.; 


(10) SMALL VARIETY OF PACKINGS AND SIZES DESIRABLE. 


The list of navy contract packings comprises practically all 
kinds needed for the diversified machinery installations ashore 
and afloat. It might include a great many more kinds, but 
this would be. very objectionable. In fact, there should be 
chosen | from the contract list for each particular. ‘machinery 
plant a few good types, best suited to local needs, with sizes or 
dimensions limited in variety, 

By sticking to a few good kinds, the mechanical force soon 
learns all about them, with consequent increased efficiency. 
Also. this helps to eliminate “ dead stock ’ * and to provide at 
all times a good supply of new packings: easily replenished 
upon short notice. 


(11) SPECIAL PACKING AND JOINT MATERIALS. 


Turbine casing joints are generally made up with some 
form of cement or wash (most frequently manganesite). 
Sheet. packings in such a case are hard to set up evenly all 
around, if too thick increase the blading clearance undesirably, 
and the packing is likely to be IUCR, out and protrude: in- 
side the casing. 

Cement compounds, similar to“ Saicoubeon” ate frequently 
used when making metal-to-metal joints of steel or iron. 
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- Cup leather packings are used for compressor and expander 
isn of ice machines and aie rods of oil arenes of 
engines. BY 

For water plungers of tucks or altertiate rings. 
square flax and round tucks have used with 


Boiler - feed pumps may require a ania hieds tucks, cut in 
jointed rings like a piston ring, or solid white-metal eee 
in order to properly handle very hot feed water. 

Main steam - line ‘slip joints and steam glands of pump rods 
should be packed with the regular high-grade spiral rod pack- 
ing, which is most generally used, is always on hand or easily 
obtainable, and gives better results than special unusual types. 
When a steam-line slip joint is short and not deep enough to 
contain many rings of packing, it may be necessary’ to force in 
a few rings of metallic packing to support the joint and add a 
ting or two of the softer packing to prevent steam leakage. 

Raw - hide packings are not considered desirable except in 
special cases, since they generally soften in water and do not 
wear well around a moving rod or shaft. 

Internal - combustion engines may use the regular contract 
packings, but where there are a large number of small gaskets 
of the same size, as under the valve bonnets, it appears de- 
sirable to use made-up gaskets ready for use of metal and 
asbestos. ‘The common type is a ring of sheet copper folded 
to give a U-section with asbestos inside. 

Boiler blow valves of the outside-packed plunger type re- 
quire hard, firmly compressed packing rings made mostly of 
asbestos. 

Boiler gage glass grommets must be of a special composi- 
tion, molded to the proper dimensions, which will resist steam 
and boiler water. 

Special molded rubber gaskets are used for watertight 
hatches, doors and fixtures. They are made of a composition 
similar to the rubber sheet packings. 
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(12) TYPES OF BOILER GASKETS. 


Gaskets of woven asbestos cloth, with brass or copper wire 
insertion, seamless and not jointed with tape, folded to a two, 
three or four-ply thickness, and with the layers firmly ce- 
mented together by a high - grade binder or “ friction,” are 
the only type which may be expected to give general satisfac- 
tion in all boilers. In other words, this type of gasket might 
be adopted as the standard handhole and manhole gasket for 
all boilers, provided sufficient properly made gaskets were 
obtainable. 

To avoid repetition, the above will be hereafter sigrted to 
as the “ standard” gasket. 

Compressed asbestos - fiber gaskets (cut from a high-grade 
sheet packing) give good service in new installations or where 
joint surfaces are smooth. In fact, they may last longer than 
the “ standard,” if well made, and should be cheaper. 

Handhole gaskets, which have to be made to fit. narrow 
flanged joint surfaces, as. for B. & W. boilers, will not prove 
satisfactory unless they are one of the two types above men- 
tioned. 

Asbestos cloth, jointed gaskets, the joint wrapped with tape, 
but otherwise similar to the “standard,” are less expensive 
and are suitable for use where.the joint has a broad surface; 
for example, for manholes of steam drums, mud drums, etc. 

Metal and. asbestos gaskets, if properly made, may prove 
very satisfactory except for handholes. They are built up of 
alternate layers of metal. and asbestos firmly pressed together, 
are not flexible and, consequently, must be a proper fit. Cop- 
per is a metal frequently used, but is likely to be corroded by 
boiler water. The metal should be non-corrosive, not liable to 
become brittle in use and the gasket needs to be so constructed 
that the layers are firmly held together. The advantages of 
gaskets of this type are that they may be used over many times 
with careful handling, fewer, spares need. be carried, and they 
do not deteriorate i in store. 
Navy boiler gaskets. comprise | standard’ & W. square 

31 
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and oval handhole gaskets, three sizes of handhole gaskets for 
Heine boilers, “ standard” B. & W. manhole and mud-drum 
gaskets, metal and asbestos manhole and mud-drum gaskets 
for B. & W. boilers, and woven asbestos type gaskets of odd 
sizes. The latter are made up according to templates and 
have to be ordered from the contractor in advance of the need 
for them. Before being contracted for all brands of boiler 
gaskets must be tested and found 


(13) SIMPLE TESTS FOR BOILER GASKETS. 


A good gasket will stand boiling in fresh water for several 
hours without showing apparent change. Any metal in the 
gasket should not show signs of corrosion when partly im- 
mersed in distilled water or in brackish water for a few days. 
When a cement or binder is used, as in the woven asbestos- 
cloth type, it should be difficult to pull the gasket apart by 
hand, and there should not appear on’ the outside a coating 
similar to putty or white lead which may easily be scraped off. 
When baked at about 200 degrees F. for six hours, the gasket 
should not harden and lose its original properties. 


Gas) 1 EFFECTS ON GASKETS OF BOILER COMPOUND, DISTILLED 
WATER AND HEAT. 


Even a large quantity of Navy boiler aga in boiler 
water does not eat up good gaskets nor injure them, though 
there is a popular opinion to the contrary. Boiler compound 
might easily cause leaks, if there were rust or scale on either 
side of the gasket in the joint, since the compound attacks and 
dissolves iron rust or scale deposits such as frequently occur in 
boilers. However, hot distilled water does cause gradual de- 
terioration, which is more marked in case the gasket has been 
handled roughly or set up too hard before the cement binder 
has had a chance to set under heat. 

Dry heat will cause the rubber cement to soften and become 
sticky at first, then. later to harden and become brittle. Nat- 
urally, “ standard ” gaskets kept in a hot place for a long . 
period will be found to be unserviceable. — 


q 
| 
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(15) USING GASKETS. 


A thin gasket is best where joint surfaces are smooth and is 
less likely to blow out than a thick one. 

Gasket seats should be well cleaned and pieces of old gas- 
kets removed before placing the new gasket in position. 

When installing a gasket, the object should be to apply, 
when setting up on it, an even, well - distributed pressure over 
as large a part of the surface of the gasket as possible. Nuts 
should not be set up too tightly in the beginning, but should be 
followed up as found necessary to prevent leaks when the 
steam pressure rises. 

Cases have been experienced where handhole plates were set 

up so tightly with a long-handled wrench that the new gasket 
was mostly squeezed out of the joint and its structure torn in 
places. These small crevices or torn places form small open- 
ings, through which steam soon leaks, and the only remedy is 
to replace the gasket which has been ruined. 
_ Gaskets with too wide a flange surface, or carelessly put in 
place, may project too far beyond the edge of the joint and 
jam the handhole or manhole cover at that point, so it cannot 
be set up or made to seat properly. 

Gaskets of compressed fiber sheet are likely to tear when 
the joint is broken and to leave pieces of the old gasket stick- 
ing to the metal. These often form high spots which are 
easily overlooked, and likely to cause leaks and the condemna- 
tion of new gaskets which are not faulty. Bae | 


APPENDIX. 


INFORMATION CONCERNING TESTS OF PACKINGS AT THE 
ENGINEERING EXPERIMENT STATION. 


Issuep BY THE BurEAU or STEAM ENGINEERING, Navy DEPARTMENT. 
SusyEcT To CHANGE or MopiricaTion AS Founp 
DesiraBte. March 31, 19177 


Sheet. packings and gland which are not’ bought ‘aint 
standard leaflet specifications and: which are not known to be suitable for 
use in the naval service, must be tested at the Engineering Experiment 
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Station, Annapolis, Md., before being considered acceptable by the Bu- 
reau of Steam Engineering. 

2. Tests made at the Engineering Experiment Station must be author- 
ized by the Bureau of Steam Engineering; and it is therefore necessary to 
make application in writing to that Bureau whenever it is desired to 
have any brand of packing tested. 

3. All tests are authorized with the strict siealeindating that they are 

for the information of the Government only; that they have to be made 
without expense to the Government; and that results obtained from tests 
will not be used in any way for advertisement. 
4. When a test is authorized, instructions are issued to the Experiment 
Station, and information is furnished the exhibitor in regard to the 
quality and quantity of material to be submitted, the estimated cost of 
making the test, and other preliminary details. Tests are numbered 
consecutively; and they are taken in hand in regular order, or as early 
as practicable after exhibits are received at the Experiment Station. 

5. In addition to the requirement that all expenses of a test are to be 
borne by the person or company making the application, it is required that 
samples for test be furnished free of charge, that all express or other 
charges for shipment and delivery be prepaid, and that an amount suffi- 
cient to cover the estimated cost of the test be deposited with the Super- 
intendent, U. S. Naval Academy, before the test is taken in hand. Any 
unexpended balance at the completion of test will be returned to the de- 
positor. 

6. Unless otherwise directed, samples for test are to be shipped for de- 
livery to the “Supply. Officer, U. S. Naval Academy,: Annapolis, Md.,” 
and each package should be marked “ For test at Experiment Station.” 

7. All packings are subjected to practical tests, the steam pressures 
being the highest and other conditions the severest which the packings 
may be called upon to withstand in actual service. As the relative value 
of a packing depends chiefly. upon its durability in actual service, each 
packing is continued under test until it is shown that it can no longer 
satisfactorily withstand test conditions or that it is capable of withstanding 
the test conditions for a reasonable length of time. = ~~ 


HIGH-PRESSURE PACKINGS. 


8. Sheet packings, for general use in high-pressure steam joints, are 
tested in the form of gaskets in flange joints of the testing apparatus, 
which is made up of a number of short lengths of 6-inch pipe. Four gas- 
kets of each brand of packing are put in different joints and are subjected 
to superheated steam at 300 pounds’ pressure and a maximum temperature 
of 625 degrees F. for 8 hours each working day. During the remaining 
16 hours of each day, and also on holidays, steam is shut off and the 
apparatus is allowed to cool to atmospheric temperature. The gaskets are 
subjected to this treatment for at least 200 goomneee: days, if they will 
survive treatment for that length of time. 

9. For this test there will'be required two square andi 1/16-inch: thick, 
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of each brand of sheet packing to be tested. Seven brands of packing 
can be tested collectively; and the cost of making the test will be $230.00 
when only one brand is tested; or $40.00 for each brand when divided 
proportionately among seven brands. 

10. Sheet packings for high-pressure gas - engine joints are tested in 
the form of gaskets in cylinder-head joints of internal-combustion en- 
gines. They are subjected to regular working conditions, and records are 
kept by which the durability and relative value of each brand of packing 
can be determined. The gaskets are subjected to this treatment for at 
least 100 working days. 

11. For this test there will be required of each brand of packing to be 
tested: 

1 square yard sheet packing 1/32-inch thick, and 
1 square yard sheet packing 1/16-inch thick. 


The cost of making this test will be $45.00 for each brand of packing 
submitted for test. 

12. Spiral gland packings for high steam pressures are’ fested in the 
stuffing boxes of the rod-packing test apparatus, and are subjected to 
working conditions under steam pressures up to 300 pounds per gage. 
Each stuffing box is packed, in the same manner as in actual service, with 
the number of turns of packing necessary to fill the stuffing box, and the 
packing is compressed by the gland sufficiently to prevent leakage. The 
rod is made to travel up and down through the stuffing boxes at a speed 
of about 100 feet per minute, and provision is made to admit steam to 
the stuffing boxes and then allow it to escape into the exhaust pipe for 
each double stroke of the rod. Each brand of packing is subjected to 
this treatment 8 hours a day for at least 100 working days. 

Special metallic or semi-metallic packings are generally also given this 
test. 

13. Eight brands of packing can be tested collectively; but, as some of 
the stuffing boxes are made for 5/8-inch packing and the others for 9/16- 
inch packing, the samples submitted may be either of these two sizes. 
For this test there will be required about 20 feet of each brand of pack- 
ing, the size being stated by the Experiment Station when the test is 
about to be taken in hand. The cost of making the test will be $110.00 
when only one brand of packing is tested and $25.00 for each brand of 
packing when eight brands are tested collectively. 


LOW=PRESSURE PACKING. 


14. Sheet packings, for general use in low - pressure Steam joints, are 
tested in the form of gaskets in flange joints of the test apparatus, which 
is made up of 6-inch pipe, in short lengths, similar to the apparatus used 
in testing sheet packings for high pressures. Four gaskets of each brand 
of packing are put in different joints, and are subjected to steam at 180 
pounds’ pressure for 8 hours each working day. During the remaining .16 
hours of each day, and also on holidays, steam is shut off and the appa- 
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ratus is allowed to cool to atmospheric temperature. The gaskets are 
subjected to this treatment for at least 200 working days. 

15. For the test there are required two square yards of 1/16-inch of 
each brand of sheet packing. Seven brands can be tested collectively, and 
the cost of making tests will be $140.00 when only one brand is tested; or 
$30.00 for each brand oes divided proportionally ae seven brands. 


TUCK’S PACKING AND BRAIDED FLAX PACKING, 


16. Tuck’s packing and braided flax packing in alternate layers are 
tested in stuffing boxes of piston rods and plungers in water cylinders of 
feed pumps working against pressures up to 340 pounds. The stuffing 
boxes are packed with samples sent for test, and they are then subjected 
to regular working conditions for about 8 hours each working day, and, 
at times, continuously for periods of two to sat weeks. The test is 
continued for at least 200 days. - 

17. For this test there will be required about 20 feet of Tuck’s packing 
(round). and 20 feet of braided flax packing (square), each to be of the 
¥%-inch, size, unless otherwise stated. The cost of making the test will 
be $140.00. © 

GLAND PACKING FOR ICE MACHINES. 


18. ‘Packings for use in stuffing boxes of compressor and expander 
cylinders of ice machines are tested at the Experiment Station in the 
stuffing boxes of a %4-ton Allen dense-air ice machine by subjecting them 
to actual working conditions. This machine is kept running about 8 hours 
each day, and the test of each brand of packing is continued for at least 
100 working days. 

19. For the test two sizes of packing are needed: about 15 feet of 1/2- 
inch size and 15 feet of %-inch size. The cost of making the test is 
$100.00. 

MISCELLANEOUS. 


20. Packings for miscellaneous purposes are subjected to such tests as 
will best determine the suitability of the packing for the purposes in- 
tended. In general, the conditions under which the samples are tested 
are similar to those to which they are to be subjected in actual service. 
These conditions can best be described when tests are being planned and 
it is known for what purpose the sample of packing is offered. 

21. The quantity of packing required for test, the probable cost of each 
test, and information concerning other details will be furnished upon ap- 
plication to the Engineering Experiment Station. 

22.° It is desirable that the trade name of the packing furnished the 
Engineering Experiment Station for the original test be the same as that 
which it is intended to use in connection with bids, etc.; and that it be 
such as cannot be easily confused with the name of some other packing. 

23. When a contract is awarded, the packings furnished on contract 
must be identical with samples sent to the Engineering Experiment Station 
for the original acceptance ‘tests. 
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24... correspondence and ‘arratigements in connection with tests, the 
actual conduct of tests and unforeseen contingencies frequently consume 
many months, prospective bidders should submit their packings for test 
eight or ten months before they intend to bid for Government contracts. 


INFORMATION CONCERNING TESTS OF BOILER GASKETS AT 
THE ENGINEERING EXPERIMENT STATION, 


Issuep ‘BY THE BUREAU OF ENGINEERING, Navy DépARTMENT, 
: Moy 6, 1916. 


SUBJECT TO CHANGE OR: MODIFICATION AS FOUND DESIRABLE. 


1, All brands of boiler gaskets not known to be suitable for use ‘in the 
naval service, must be subjected to test at the Engineering Experiment 
Station, Annapolis, Md., and to further test in service in one or more 
naval vessels, before being considered acceptable by the Bureau of Steam 
Engineering. 

“@ 3, 4, 5, same as “Tests of Packings,” page 466.) 

6. The tests to which samples of boiler gaskets are ‘subjected at ‘the 
Experiment Station are of a practical nature and such as will best deter- 
mine the suitability of the gaskets for use in service. The conditions 
are made as severe as any which the gaskets may be expected to with- 
stand in actual service. The cost of tests varies with the number of 
different brands of samples tested at one time, the labor involved, and the 
length of time required to make the tests; the expense being reduced 
where samples prove to be unacceptable in the early stages of the test. 

7. Unless otherwise directed, samples for test are to be shipped to the 
“Supply Officer, U. S. Naval Academy, Annapolis, Md.,” and each pack- 
age should be marked “For Test at Engineering Experiment Station.’ 


MANHOLE GASKETS. 


8. All boiler manhole gaskets submitted for test at the Experiment 
Station are subjected to working conditions, with steam pressures up to 
300 pounds, in manhole joints of a Babcock and Wilcox boiler, a Mosher 
boiler, or in special steam drums provided for the purpose. The boilers 
and steam drums are kept under working pressure at least 8 hours each 
working day, the pressure being brought up gradually in the morning and 
allowed to fall under banked fires at night. Samples of gaskets while 
undergoing test are subjected to these conditions daily until it is evident 
that they can no longer maintain tight joints, or until they show by en- 
durance that they can satisfactorily withstand high steam pressures for a 
reasonable length of time. Manhole gaskets are subjected to this treat- 
ment for at least 100 days. 

9. For the test there are required two oval manhole gaskets of each 
brand to be tested 15 inches by 11 inches by 1 inch flange by %-inch thick, 
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suitable for steam pressures up to 300 pounds. The cost of making the 
test is $70.00 for one brand or style of gasket, and $40.00 for each brand 
when two brands are tested at the same time. 


BOILER HANDHOL® GASKETS. 


10. All handhole gaskets submitted for test at the Experiment Station 
are put in handhole joints of a Babcock and Wilcox boiler and subjected 
to regular working conditions with steam pressures up to 300 pounds. 
During the test the boiler is kept under working pressure at least 8 
hours each working day, the pressure being brought up gradually in the 
morning and allowed to fall under banked fires at night. The samples 
of gaskets are subjected to these conditions daily until it is evident that 
they can no longer maintain tight joints, or until they show by endurance 
that they can satisfactorily withstand high steam pressures for a reason- 


able length of time. Each brand or style of handhole gaskets is subjected 


to this treatment for at least 100 days. 

11. For this test there are required 30 handhole gaskets of each 
brand, square with round corners to suit Babcock and Wilcox marine 
boilers, 4-31/32 inches by 4-25/32 inches by 1/4-inch flange by 1/8-inch 
thick, adapted for steam pressures up to 300 pounds. The cost of making 
the test is $70.00 for one brand or style of handhole gasket ; $40.00 for each 
brand when two or more brands are tested at one time. 


(12, 13 and 14 same as paragraphs 22, 23 and 24, of “Tests of Pack- 
ings,” page 468.) 


NAVY DEPARTMENT SPECIFICATIONS, 33P2B. ; 
May 1, 1917. 


ASBESTOS METALLIC CLOTH SHEET PACKING FOR HIGH- 
PRESSURE STEAM. 


GENERAL SPECIFICATIONS.—1. General Specifications for the Inspection 
of Material, issued by the Navy Department, in effect at date of opening 
bids, shall form part of these specifications. : 

MateriaL.—2. The cloth to be woven from pest quality of long 
fiber asbestos yarn, spun around fine brass wire, and treated with a rubber 
or other suitable heat-resisting compound not exceeding 50 per cent. of 
the weight of the packing. 

Construction.—3. For cloth 1/32 inch thick each strand of the warp 
and of the filler shall consist of one strand of asbestos yarn which is in- 
tertwisted with or spun around a brass or copper wire not heavier than 8 
mils diameter. The weave must. not run less than 22 strands of. warp and 
not less than 12 strands of filler per square inch. For ‘cloth 1/16 inch 
thick each strand of the warp and of the filler shall consist of two asbestos 
yarns, each of which is intertwisted with or spun around two brass or 
copper wires, not heavier than 8 mils diameter. The weave must not run 
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less than 20 strands of warp and not less than 11 strands of filler per 
square inch. 

Friction CEMENT.—4. One-ply packing to be 1/32 inch or 1/16 inch 
thick. Two-ply or more must consist of two or more layers of one-ply 
1/16 inch sheet built up and thoroughly cemented together with the same 
compound as is used in frictioning one-ply cloth. 

WeicHt.—5. The weight of this sheet packing shall be not less ‘per 
square yard than specified below in various: thicknesses; a tolerance of 10 
per cent. above these weights to be allowed: 1/32 inch thick, 5 pounds per 
square yard; 1/16 inch thick, 61/2 pounds per square yard;' 1/8 inch 
thick, 12 pounds per square yard; 1/4 inch thick, 24 pounds: per reese 
yard. 

‘Detivery.—6. This sheet packing shall be delivered in rolls 40 inches 
wide and weighing 100 pounds and 250 pounds unless otherwise ordered. 
To be purchased by the pound, the area to be calculated from the pre- 
ceding paragraph (5), and shall be approximately square sleet so 
calculated. 

Branpinc.—7. Each roll shall be masts with the maker’s name, trade 
name or style number, neatly stenciled upon each linear: yard. 

Tests.—8. (a) Shall be capable of being bent double in any direction 
without injury or showing signs of cracking. 

(b) When secured in iron clamps and subjected for 24 siniued to a 
steam heat of 425 degrees F. it must not harden or crack, 


NAVY DEPARTMENT SPECIFICATIONS, 33P8B. 
November 1915. 


PACKING, SHEET, RUBBER, CLOTH-INSERTION. 


GENERAL INstRUCTIONS.—1. “General Specifications for the Inspection 
of Material’? and “General Specifications for Rubber Material,” issued 
by the Navy Department, in effect at date of opening of bids, shall form 
part of these specifications. 

Construction.—2. (a) Packing in general—The packing shall be 
made of layers of rubber with cotton sheeting insertion, so arranged that 
both faces of the packing shall be a layer of rubber. There shall be a 
layer of rubber between each two layers of insertion. Both faces shall be 
free from imperfections and of uniform thickness. Packing shall be 
made in sheets 36 inches wide, and furnished in rolls containing not less 
than 100 pounds each, unless a smaller quantity is specified on the proposal. 

For each 1/16 inch of thickness there shall be at least one ply of cotton 
insertion, which shall be frictioned with a rubber composition described 
below. If 1/32 inch packing is required it shall have but one ply of in- 
sertion. 

(b) Marking. —Each roll shall be marked with the nanaiana name, date 
of manufacture, and number of square yards. - 


472 BOILER GASKETS AND PACKINGS FOR THE NAVY. 


GrapEs.—3. There shall be two grades of packing, known as Grade I 
and Grade II. 

MATERIAL FoR Grape 1.—4. (a) Rubber parts—The rubber layers shall 
be poperly vulcanized, and be made from and have all the characteristics 
of a compound containing not less than 35 per cent. of washed and dried 
fine Para rubber; not more than 2.5 per cent. of sulphur, with the re- 
mainder suitable, dry, inorganic mineral fillers. The mineral fillers may 
contain barytes, but shall be practically free from sulphur in other forms 
and from any. substance likely to have a deleterious effect on the rubber 
compound. The sulphur in barytes will not be included in the allowable 
sulphur content. The specific gravity of the compound shall be not less 
than 1.7. 

(b) Friction—The friction: shall consist of a properly vulcanized rub- 
ber: compound, which will neither yield to acetone any organic constituent 
foreign to Hevea rubbers nor contain mcre sulphur than is necessary for 
vulcanization, so that the percentage of sulphur in the rubber layers shall 
not be raised beyond the permissible amount. 

Cloth insertion—The cloth insertion shall be made of cotton 
ing, 30 to 40 threads per inch in both warp and filling, to weigh not less 
than 434 ounces per square yard. It shall be well and-evenly woven from 
good cotton, and as free from unsightly defects, dirt, knots, lumps, and 
irregularities of twist as is consistent with the best 
practice. 

TESTS FOR Phe LoK Grade I packings shall stand the following 
tests: 

(a) Friction test—The adhesion of the friction coat of rubber between 
the faces and the insertion shall -be such that a weight of 9 pounds shail 
not cause a separation at a greater rate than 1 inch per minute. The 

- width of the piece under test shall be 1 inch. 

(b) Tensile test—When the test piece is stretched 2 to 10 inches, the 
permanent elongation when measured shall not exceed 20 per cent. The 
tensile strength shall be at least 1,000 pounds per square inch in both the 
face and filler. Both shall have an elongation at the breaking point of at 
least 2 to 11 inches. 

(c) Test for 1/32-inch packing.—If 1/32-inch packing is required, it 
shall not be subject to physical tests, but shall be accepted on chemical 
analysis alone. 

(d) Test pieces—The test pieces shall be cut by a die ‘measuring %4 
inch in width at the constricted part. 

MareriAt, FoR II.—6. (a) Rubber parts—The rubber composi- 
tion layers shall be of material that will withstand the tests prescribed 
for this grade of packing. 

(b) Cloth insertion—The cloth insertion shall be made of cotton sheet- 
ing weighing not less than 5 ounces per yard. It shall be woven from 
good cottoh, as free from unsightly defects, dirt, knots, lumps, and irreg- 
ularities as is consistent with the best manufacturing practice. 

(c) Weight——The 1/16-inch complete packing shall weigh not less than 
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5 nor more than 6 pounds“per square yard, and other thicknesses in the 
‘ same proportion. Packing weighing over 6 pounds per square yard may 
be rejected, or accepted with payments based on area corresponding to 
6 pounds per square yard. 

Tests For Grape Grade II packings shall the follow- 
ing tests: 

(a) The packing shall: be pliable enough to sera: ‘eniltais double in 
any direction without cracking. 

(b) A section of packing shall be’ flange of an 
so that: the..steel plate is:clamped over the whole piece: of packing and 
exposed to steam at 50: pounds per ‘square inch pressure for 4 hours. 
After removal from the ‘autoclave the packing: shall stand being bent 
double in any direction without cracking or breaking when. tested within 
1 hour after to room and shall no 
injury.) 

(c) A section of suis! 4 inches square shall be placed in wr water 
of the autoclave and the autoclave heated by steam at a pressure of 50 
pounds per square inch for:4 hours. After removal from the autoclave 
the packing shall stand being bent double in any direction without cracking 
or breaking when tested within an, hour after mene to room temperature 
and shall’ show no apparent injury. 

(d) Packing % inch in thickness and over shall not be cuniaad to be 
bent double, but shall instead stand — round a mandrel % inch in 
diameter. 

Purpose.—8. Grade I packing is suitable for use as high-grade gasket 
material in flanges of ventilation systems or flanges in contact with cold 
water which are not broken except at long intervals. 

Grade II packing is suitable for use'as gasket material in flanges in 
contact with cold water which are broken at frequent intervals. 

Nore ror’ GENERAL STOREKEEPERS.—9. In ordering packing the requisi- 
tion shall distinctly state whether Grade I or Grade II packing is desired. 


NAVY DEPARTMENT SPECIFICATIONS, 33R1b. 
December 1, 1915. 
RUBBER: MOLDED, SHEET, AND STRIP. : 


GeNERAL SPECIFICATIONS.—1. “General Specifications for Inspection of 
Rubber Material ” and “ General Specifications for Inspection of Material,” 
issued-by the Navy Department, in effect at date of opening bids, shall 
form part of these specifications. 

PurposE.—2. To be used for gaskets and ; as water-tight packing for 
doors, hatches, gunports, etc. 

GENERAL.—3. (a) Shect rubber shall be of uniform thickness and have 
a smooth finish. It shall be furnished in rolls 36 inches wide, containing 
not less than 100 pounds each, unless a smaller quantity is specified in the 
proposal. 
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(b) Strip rubber shall be of uniform thickness, shall have a smooth 
finish, and shall be of the dimensions specified. ; 

(c) Molded rubber shall be of the shape and dimensions ppiniied: 
Molds shall be furnished by the contractor, unless otherwise stated in the 
proposal. 

ToLeraNnces.—4. A variation of 10 per cent. above the thickness speci- 
fied, will be permitted for sheet and strip rubber; provided, that such in- 
crease shall not exceed 1/16 inch. 

MarTeriAL.—5. The gaskets shall. be vulcanized and be 
from and have all the characteristics of a compound containing not. less 
than 45 per cent. of washed and dried fine Para rubber, not more than 3.5 
per cent. of sulphur, with the remainder suitable, dry, inorganic. mineral 
fillers. The mineral. fillers may contain barytes, but shall be practically 
free from sulphur in other forms and from any substance likely to have 
a deleterious effect on the rubber compound. The sulphur in barytes 
will not be included in the allowable sulphur content. 

Tests.—6. (d) With each delivery of molded rubber, the contractor 
shall furnish four sample pieces 8 inches long, 1% inches wide and 4% 
inch thick. They shall be guaranteed by the manufacturer to be identical 
in composition and cure with the rubber offered for delivery, and on 
analysis shall show the same chemical composition as the delivery. 

Test pieces shall be cut from these samples: In the case of sheet and 
strip rubber, the test pieces shall be cut from the delivery itself. All 
test pieces shall be cut by a die measuring % inch in width at the con- 
stricted part. 

(e) When the test piece is stretched 2 to 11 inches, thie “~permanent 
elongation, when measured, shall not exceed 20 per cent. The tensile 
strength shall be at least 2,200 pounds per square inch, and. the elongation 
at the breaking point shall be at least 2 to 12 inches. 

MarkInGc.—?. Each roll or package shall be marked with the maker’s 
name, the date of manufacture, and the net weight in pounds. 


NAVY DEPARTMENT SPECIFICATIONS, 33P1. 
. August 15, 1908. 
-FLAX PACKING. 

Flax packing to be square and of the sizes required. 

To be made from the best selected long-line Russian flax, well and 
evenly impregnated with pure tallow. ; 

To be free from warp or core; from flax tow, jute, or other foreign’ 
fibers or substances, and from oils and greases other than pure tallow, 
which latter must not be in excess of 50 per cent., by weight, of finished 
packing. 

The length of staple must be such that when a section of packing 20 
inches long is carefully unraveled and combed out. with a coarse comb it 
must give a brush of at least 12 inches. 
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NAVY DEPARTMENT SPECIFICATIONS, 33P7a. 


July 25, 1913. 
TUCK’S PACKING. 


GENERAL INstructiONs.—1, General Specifications for Rubber Material, 
33R3, issued by the Navy Department, shall form part. of these specifica- 
tions. 

Construction.—2. (a) Packing in general—The packing shall consist 
of frictioned cotton canvas layers, either round or square. The round 
packing shall be made with or without a rubber core, as specified on the 
original proposal. 

Corron Canvas Layers.—(b) The cotton canvas layers, which shall be 
built up on the bias and shall be well frictioned with the composition de- 
scribed below under “ MarertAt,” shall conform in dimensions, plies, and 
textures to the following table: 


to % inch. % to % inch. 1 inch and over. 
Textute of phe: Pines Medium........ Coarse. 
Number of plies per inch, includ- 

ing friction ....... (88) 26:0: 15 to 17. 


Rusper CorE.—(c) The rubber core shall have a diameter equal to 1/3 
of the diameter of the packing. 

MatTERIAL.—3. (a) Cotton canvas layers—The cotton canvas layers 
shall be well and evenly woven from good cotton, as free from unsightly 
defects, dirt, knots, lumps, and irregularities of twist as is consistent with 
the best manufacturing practice, 

Rusper CorE.—(b) The rubber core shall be properly vulcanized and 
be made from and have all the characteristics of a compound containing 
not less than 35 per cent. of washed and dried fine Para rubber, not more 
than 3 per cent. of sulphur, with the remainder suitable, dry, inorganic 
mineral fillers. The mineral fillers may contain barytes, but shall be prac- 
tically free from sulphur in other forms and from any substance likely to 
have deleterious effect on the rubber compound. The sulphur in barytes 
will not be included in the allowable suiphur content. 

Friction.—(c). The friction shall consist of a properly vulcanized rub- 
ber compound which will neither yield to acetone any organic constituent 
foreign to Hevea rubbers nor contain more sulphur than is necessary for 
vulcanization, so that the percentage of sulphur in the rubber layers shali 
not be raised beyond the permissible amount. 

Tests, Heat—4.. Tests on the packing as a whole—(a) The completed 
article shall stand boiling water with steam at 80 pounds’ pressure for four 
hours without loosening the friction or materially hardening the rubber. 

FLexiBitity.—(b); The packing shall be sufficiently flexible to admit of 
bending easily around rods or pistons of various. sizes. 

The % inch to % inch shall bend around its diameter; the 7% inch to 
1% inches around twice its diameter, and the larger sizes around aace 
times their diameter. 
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Tests oF THE Rupper ComPpounp,—(c).A section 6 inches long shall be 
cut from any length at any place to allow of four or more tests. 

Friction.—(d) The adhesion of the friction coat of rubber between the 
plies shall be such that a weight of 8 pounds shall not cause the plies to 
separate at a greater rate than 1 inch per minute. The width of the piece 
under test shall be 1 inch, if size of the packing permits: In case of 
square packing, if the width of the test piece is less than 1 inch, the 
weight required shall be in direct proportion to its width. 

Rusper Core. Test Piece.—(e) The round rubber core of 3/16 inch 
in diameter or under shall be used as the test piece. If the core is larger 
than 3/16 inch in deamnctese it shall be cut as described in General Specifi- 
Cations 33R3. 

Tensie StreNctH—(f) ‘The’ tensile shall be at least 900 
pounds per square inch, and it shall have an elongation at the breaking 
point of at least 2 to 8 inches. 

_Purpose.—5. For use .as stuffing-box packing, on piston in pumps and 
engines, etc. 


NAVY DEPARTMENT SPECIFICATIONS, 33P5d. 
January 2, 1917. 


ASBESTOS WICK OR ROPE PACKING. 


GenerAL Instructions.—1. General Specifications for Inspection of 
Material, issued by the Navy Department, in effect at date of opening of 
bids, shall form part of these specifications. 

MateErIAL.—2. To be made from at least 90 per cent. long fiber asbestos 
spun into yarns and laid up in the general form of loosely twisted cord, 
or common lamp wick, which can be separated and rowan into grom- 
mets or braided into small gaskets. 

SizEs.—3. The packing will be in sizes from % to 1% inches. 

-Packinc.—4. Packing will be delivered in usual commercial forms or 
containers, and will be protected from injury in handling or shipping. 
Packages should be marked with the manufacturer’s name and brand or 
style number. 

Tests—5. (a) Under the flame of a lamp applied with a ee it 
should not burn nor emit flame. 

(b) Dipped in undiluted muriatic acid, it should not burn or disinte- 
grate. 


NAVY DEPARTMENT SPECIFICATIONS, 33P9a. 
May 1914. 


PACKING FOR CONDENSER TUBES. 


GENERAL INsTRUCTIONS.—1. Instructions or Specifications is- 
sued. by the Bureau concerned shall form part of these specifications, 

Matertau.—2. Condenser tube packing will be what is commercially 
known as cotton corset lacing. 
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ManuracrurE.—3. To be made up of 20 strands of cotton woven 
around a. 16-strand cotton core to an approximate. diameter of % inch. 
The finished material to run 200 yards to the pound. 

Size AND TexturE.—4. To be of uniform texture and diameter. Is all 
respects suitable for packing Navy standard condenser tubes. 

SAMPLES To BE SuBMITTED.—5. Bidders must submit sample of matheial 
that they propose to furnish. 

DELIveRY IN 1-Pounp Batis.—6. This packing is to be delivered in 1- 
pound balls of continuous length. 


NAVY SPECIFICATIONS, 33L1a. 
December I, 1913. 


PACKING LEATHERS FOR COMPRESSOR AND ‘EXPANDER 
CYLINDERS OF DENSE-AIR ICE MACHINES. 


GENERAL General Instructions or Specifications is- 
sued by the Bureau concerned shall form a part of these specifications. 

MareriAL.—2. To be made of best grade leather specially treated to 
withstand heat. 

Packinc.—3. To be saturated with castor oil and packed in airtight 
tin cans, one dozen leathers in each can. Cans to be well filled with cold- 
pressed castor oil and to be plainly marked to show contents, size, and 
name of contractor. 

Tests.—4. Sample leathers from each lot will be tested by subjecting 
them to a temperature of 350 degrees F., and by soaking in boiling wee, 
after which they shall remain pliable and suitable for use. f 
Sizes.—5. Leathers to be made accurately to the sizes in the following 
table: 


Outside Inside Thick- 
diameter. diameter. ness. 


Ice machine. Cylinder. Inches. Inches. Inches. 
Y% ton Compressor *......... 536" 1% 3/16 
¥% ton vertical................5: Expander .......... 4% 1% 3/16 
1 ton vertical. Expander .......... 6% 2% 3/16 
1 ton Compressor ......... 6% 1% 
1 ton horizontal................ Expander .......... 5% 1K % 
2 tons horizontal................ Compressor 3 ¥% 
2 tons horizontal................ Expander .......... 6% 3 % 
83 tons horizontal................ Compressor . 9% 38% % 
3 tons Expander ........+. 8% 8% % 


NAVY DEPARTMENT SPECIFICATIONS, 3361b. 
February 1, 1915. 
GAGE-GLASS GROMMETS. 

Generat Instructions.—1. General specifications. for the of 
material issued by the Navy. Department in effect at date of opening of bid 
shall form part of these specifications. 

Construction.—2. The grommets shall be either cut from a -vuleanized 
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tube of solid rubber or molded from an unvulcanized compound, both of 
which shall be of the composition specified below under “ Material.” They 
shall\be smooth and uniform in finish, rectangular in cross section, 5/16 
inch in length, and of the: external and internal diameters specified i in the 
original proposal. 

MareriAL.—3. The grommets shall be properly vulcanized and be made 
from and have all the characteristics of a compound containing not less 
than 35 per cent. of washed and dried fine Para rubber, not more than 2.5 
per cent. of sulphur, with the remainder suitable, dry, inorganic, mineral 
fillers. The mineral fillers may contain barytes, but shall be practically 
free from sulphur in other forms and from any substance likely to have 
a deleterious effect on the rubber compound. The sulphur in barytes will 
not be included in the allowable suphur content. 

Test Pieces—4. With each delivery the contractor shall furnish 4 
sample pieces 8 inches long, 1% inches wide, and 1/16 inch thick to pro- 
vide for physical tests. They shall show on analysis the same composition 
as the grommets offered for delivery. From these samples test pieces 
shall be cut by a die measuring % inch in width at the constricted part. 

TENSILE STRENGTH, ETC—5. When the test piece is stretched 2 to 10 
inches the permanent elongation when measured shall not exceed 25 per 
cent. The tensile strength shall be at least 1,500 pounds per square inch 
and the elongation at the breaking point at least 2 to 11 inches. 

Heat Test.—6. The grommets must stand exposure to boiling water 
for four hours without apparent injury, and after exposure to steam at 
250 pounds’ pressure for four hours in an autoclave or in superheated 
steam must show a considerable degree of flexibility. 

Purpose.—?. For use in packing water-gage glasses on boilers. 


NAVY. DEPARTMENT SPECIFICATIONS, 33P11. 
September 1, 


PACKING RINGS FOR BOILER BLOW-OFF VALVES. 


GenerAL SPECIFICATIONS.—1. General Specifications for Inspection of 
Material, issued by the Navy Department, in effect at date of opening of 
bids, shall form part of these specifications. 

PurposE.—2. The packing rings are to be used in boiler blow-off valves. 

MaterIAL.—3. The rings to be made of 90 per cent asbestos with rubber 
as a binder. This material is to be treated with a compound and con 
pressed to such a density as to make the rings sufficiently resilient to form 
a tight joint. The material is to be such as to make the rings sufficiently 
hard and tough to withstand the action of opening and closing the valve 
without tearing or roughening the exposed surface of the ring. The 
substance used as a binder must be such that it will not disintegrate at 
temperatures up to 500 degrees F. 
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Construction.—4. Each ring to be of the split type and the two sections 
of the ring are to closely fit each other when the concave side of one 
section and the convex side of the other section are placed together. 

Trsts.—5. The material shall not burn or disintegrate when dipped in 
undiluted muriatic acid, and when secured in an iron clamp and subjected 
to the heat of steam at 300 pounds’ pressure shall show no evidence of 
hardening, cracking, or sticking to the metal clamps. 

MaterIAL.—3. The rings to be made of 90 per cent. asbestos with rubber 
trade name and name of manufacturer. 

Note For Suppty Orricers.—The type of valve for which intended and 
all dimensions of the rings are to be carefully specified in the order, and 
rings will be in accordance with these dimensions. 
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AERONAUTICAL PROPELLERS. | 


By Spencer HEATH.* 


The aeronautical screw propeller or air screw, strange as 
it may seem, was, in point of theory and conception at least, 
the predecessor and forerunner of the marine screw propeller. 
In the year 1768 there was published in France a treatise 
on the “ Theorie de la Vis d’Archemedes.” This very early 
publication, written by one A. J. Paucton, describes a machine 
equipped with two screws called by the author “ Pterophores,” 
description of which occupies a considerable portion of the 
book. It is noteworthy that to France we owe the first publi- 
cation of screw propeller theory as well as the first. public 
flight of an aeroplane propelled by that means. 

In their basic principle all screws are the same for whateoei 
purpose used. They differ only in their proportions, form 
and material. These differences are due to the different na- 
ture of materials through which the screws act. A machine 
screw acting through a previously prepared nut is a special 
case of a member progressing along an inclined plane, the 
movement of the member being along a helical curve instead 
of a straight line.. A wood screw and a corkscrew, however, 
make their own “nut” through the cork or wood in which 
they act. These screws, in common with the machine screw, 
have an axial advance in one revolution substantially equal 
to the distance between turns of the “ thread,” known as the 
pitch of the screw. The air and marine screw are like the 
cork and wood screw in that they form their own “ nut” 
through the air or water, but they differ markedly in that the 
fluid medium through which they pass has no great stability 
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and yields to the screw in such manner that commonly the 
screw does not advance its full pitch in one revolution. This 
yielding of the fluid. is entirely analogous to the yielding of 
the water to the bending of an oar or paddle. The resistance 
with which the fluid yields in the sternward direction creates 
a fulcrum forithe oar and measures the propulsive impulse of 
oar or screw.. The magnitude of this impulse depends upon 
the density of the: fluid medium and the sternward — 
with which it is caused to move, 

, The differences between air al marine screws may be said 
to be the reflex. of the differences between air and. water. 
Air is thinner, lighter, larger, swifter than water. Air screws 
are longer and thinner of blade, lighter in weight of material, 
larger in to duty and in: of -rota- 
tion and of flight. 

Almost all air screws are of In ap- 
pearance, except for width of blade, they resemble marine 
screws.: The,.number of blades be two, three or four. 
The widest,part ofthe blade is usually at about six-tenths of 
its radius.,. The maximum width averages about one-tenth to 
one-fifteenth the diameter of the screw. The thickness of 
blade..near; the hub is. very: great, but diminishes rapidly to 
about half blade length and then gradually to the end. The 
side of the blade facing rearwardly is slightly concave in its 
wider and mid-radius portions and flat or slightly convex at 
its narrowed end and:near the hub. The:forward facing side 
of the blade is convex in all parts and the:greatest thickness 
of any section is about one-third the distance from the enter- 
ing to the trailing edge. Nearly all air screws have the gen- 
eral characteristics already mentioned. In, blade outline, how- 
ever, there is wide diversity. Some designers prefer to ap- 
proximate a,slender ellipse; others prefer the slender ellipse 
with squared ends on the blades; others approximate a semi- 
ellipse, the axis ofthe ellipse proceeding radially from the 
axis, of rotation and forming the trailing edge of the blade. 
_ Among these various forms no special preference is known. 
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Some of them are laid out with a view to placing the centers 
of gravity of all the blade sections in one radial line; some 
with the aim of having the center of pressure on each blade 
section lie in the same straight line. 

In all the above forms of blade a common property ob- 
tains: The deflection of the blade under load is accompanied 
by more or less increase of angle in its most effective’ parts, 
thus augmenting the pitch. This gives the blade a sort of 
unstable pitch which may introduce heavy strains and resist- 
ances to the turning of the propeller at the’ moment when 
highest turning speed is required. In order that the pitch 
may remain unaffected by bending or deflection of the blades 
under load or increase of load it is necessary to dispose the 
centers of pressure of the sections farthest from the hub on a 
line curving somewhat rearwardly in the direction of the 
trailing edge. This practice is followed to a large extent by 
the company with which the writer is connected, who also 
specialize very much in variable-pitch propellers. These are 
designed by so far extending the rearward curvature of the 
blades that the application of working blade pressure will 
institute a torsion action on the entire blade, causing its pitch 
to increase or diminish in response to variation in pressure. 
In this torsion design for variable pitch the portion of wood 
employed in the curved trailing edge of the blade is steamed 
and bent so that the grain of wood parallels the curved edge 
of blade. In this process a slight compression is given to the 
fibers which greatly increases the endurance of the thin-edge 
portions of the blade. 

Nearly every kind of wood bide been used in propellers. 
Walnut and mahogany have long been favorite in Europe. 
The writer’s experience rules out all wood that was not 
quarter sawed, and points to American quartered white oak 
as the surpassing material from every standpoint, the bul 
ticulars of which need not be’ detailed here. 

It is almost needless to say that the wood for air screws is 
selected and treated with utmost care. The boards are sawn. 
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to one inch, rough-dressed to seven-eighths and finish-dressed 
to thirteen-sixteenths or three-quarters. 

The screws are built up by five to ten laminations according 

to size. The laminations are laid out on the boards and sawed 
to outline, care being taken to avoid all defects in wood and 
to have the grain and density of wood as nearly similar as 
may be at opposite ends of the same piece. In the better 
and preferred practice, however, the laminations for each 
single blade are laid out separately and carefully weighed, 
matched and balanced against each other. They are then se- 
lected in pairs (or in trios for three-bladed screws) and their 
hub ends securely ‘glued together in highly efficient joints of 
very large glue-contact area. Only by this method is it pos- 
sible to make the blades of. the same propeller uniform in 
respect to weight, grain, texture: and yielding of the wood 
under stress. 
_ When the separate laminations have been prepared and 
surfaced to required thickness they are slightly roughened by 
tooth planing, warmed over steam coils and assembled to- 
gether with the best of hide-stock glue and firmly clamped. 
The entire gluing process is carried on in a room kept at 100 
degrees F. After eighteen to twenty-four hours the clamps 
are removed and center hole in hub bored roughly to size. 
The propeller is now hung for about ten days to dry. It is 
then put through a machine which at one operation faces 
both sides of the hub and bores out the center hole to finish 
size. After being faced and bored 'the propeller is “ outlined” 
in-a machine that profiles the hub and edges of the blades all 
to exact size and shape by means of a rotary cutter following 
a form which has the precise outline of the blades. 

From the outlining machine the propeller progresses to one 
of the duplicators.. In this machine the work is clamped in 
definite relation to a rigid, fixed form having thesame shape 
as the blades: On the’ carriage df the machine there is’ a 
roller which traverses‘ the surface ofthe form and guides ‘a 
high-speed cutter in a manner to remove nearly all surplus 
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wood from the rough propeller. The carriage is self-feeding 
and self-reversing, and the bed and other parts of the machine, 
including the form, are made duplex in order to secure con- 
tinuous operation of the cutter, the work being removed and 
renewed at each end of the machine in turn while the carriage 
is operating uninterruptedly at the other end. . 

_ After the duplicating process the propeller again dries for 
a few days, after which ‘it is carefully surfaced and balanced | 
by hand and then forwarded to the sanding machine. After 
sanding there is careful inspection in the white and careful 
examination. of. balance, pitch and tracking of blades, ,hub 
dimensions, etc. The inspection itself is an elaborate process . 
requiring special appliances, etc., of various kinds. |. 

From inspection. the propeller passes to the finishing depart- 
ment. Here it ‘is first treated with silex filler, then with 
primer, and lastly with various coats of high-test waterproof 
spar varnish. This is the. usual. finish. For certain United. 
States Army work five applications of hot linseed oil and a 
final rubbing with prepared wax are required. During the 
entire varnishing process the propeller is kept carefully bal- | 
anced on a steel mandrel resting on. sensitive parallel ways. 
Without this very few propellers could pass final inspection. 
On final inspection the utmost attention is, given to every 
detail. Balance must.be absolutely,.perfect in all positions ; 
the blades must track within .03 inch;.the pitch of the blades, 
checked: at three points, must not vary from the standard by 
more than two per cent. nor from each other more than one 
per cent. These limits are only to allow for possible changes 
in the wood during the finishing . pera: after. _— in 
the white. _ 

A few words should ‘hie said as to fhe. of tes: 
For training work and all ordinary work, provided a, sufficient eS 
diameter can be swung, two. blades..are usually: preferred. 
For expert flying and for. high-powered machines in which 
there is a restricted diameter of propeller, in proportion to 
power applied, three and four blades are required. ' As to the 
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relative merits of three and four blades there is no conclusive 
data. It is known, however, that in numerous instances the 
three-bladed screw, even though having less diameter,’ shows 
marked superiority over the two-bladed in every particular. 
The three-bladed propeller is also noted for its peculiar joint- 
ing and fitting of the ends of the laminations together where 
they form’the hub. This hub is trebly laminated over its 
entire area with the material so disposed as to direction of 


grain, etc., that it makes without doubt the strongest hub that 


can be built in any propeller regardless of the number of 
blades. In repeated cases of wreck and accident all the 
blades of these propellers have been wholly demolished, leav- 
ing the hubs always intact. 

After final inspection the propellers are usually packed in 
standardized pine or white cypress boxes with screwed-on 
covers and heavy battens and iron-bound ends. A center bolt 
clamps the propeller between battens in the top and bottom 
of the box, and felt-lined pillow blocks, formed to the shape 
of the screw, secure it firmly in place. 

Probably no essential instrument in aeronautics has more 
nearly reached its ultimate development than has the screw. 
However, the elastic nature of the air and its wide divergence 
from water in its other qualities opened up possibilities of 
development that could not enter into the marine propeller 
problem. This article, devoted mainly to constructional fea- 
tures, cannot go into the various departures from marine 
propeller practice that have been indicated by theory and 
experiment and confirmed in practice. These relate to the 
particular forms of blade sections preferred for the air, the 
ratio of blade and disc area, the relation between pitch and 
width in different parts of the same blade, and many other 
questions of great interest. 

Occasionally the suggestion is made that the screw is not 
always to remain the chief propelling instrument for air craft 
of every sort, but that it will be finally displaced by some 
superior device. Many substitutes have been patented or pro- 
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posed, varying in form from tiny jets of steam, gas or air 
to huge devices like amusement wheels with suspended cars, 
but none of them, not even the ornithopter or wing-flapping 
device, has become a recorded success. The very high efficien- 
cies reported for air screws under certain conditions (some- 
what more than eighty per cent.), even if only moderately 
improved by future developing or refinement, present a none 
too encouraging outlook for the more complex and pretentious 
affairs that are frequently proposed. 
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MEASURING SHAFT HORSEPOWER OF 
DESTROYERS. 


By Lrt.-Compr. F. W. STERLING, U. S. Navy, MEMBER. 


The shaft horsepower transmitted by a tucbine-driven shaft 


is directly proportional to the torque in the shaft. Given a 


means of measuring this torque, the shaft horsepower can be 
determined. Since the torsion in the shaft varies as the torque 
applied to the shaft, the shaft horsepower may be determined 
if the torsion in the shaft is known.  Asits name implies, it is 
the function of the torsion meter to measure torsion. How 
this is done in a turbine shaft will be described later. 

For destroyers a torsion meter must er the following 
requirements : 

1. Accuracy.—This is a faiadetaenitad requirement in all 
measuring instruments. Having once been calibrated, the 
torsion meter must measure accurately the torsion in the shaft 
under all conditions of load or speed within the en of the 
power unit during the life of the shaft. 

2. Lightness.—Machinery weights in destroyers must be 
reduced to the lowest safe limit. This applies to all perma- 


nent fittings. Therefore any permanently installed torsion 


’ meter must combine lightness with accuracy. It is specially 
desirable that those parts of the instrument subject to centrif- 
ugal action be made as light as possible. 

3. Balance.—Those parts of the instrument a to 
centrifugal action must be in dynamic balance. 

4. Simplicity of construction.—The instrument must: be 


simple in construction and easy of operation, so that it may © 


be used and maintained in order the 
force of a vessel. 
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5. There should be no gears or electrical attachments. The 
instrument must be positive in its performance; gears that 
may wear, or electrical equipment that may become inaccu- 
rate, introduce errors in ed instrument. that ary its de- 

6. The shaft torsion should 6 measured over the maxi- 
mum length of shaft possible. The object of this is to reduce 
the action of the multiplying device as much as possible. By 
measuring the torsion in an entire length of shaft, only one 
multiplying device is necessary and its action is a minimum. 

7. Space oceupied should be a minimum. This isaccom- 
plished by housing most of the torsion meter within the shaft. 
Meters; that surround the shaft mot proved 
in, the Service. 

Accessibility.—All parts that or that: 
inight get out of order must: be: accessible. _— should ‘be 
outside the shaft. 

g. Those patts subject to wear should be} reduced. to 
smallest possible number, and adjustments for wear should 
be easily and quickly made. 

‘10. The personal equation must be elititnatests: readings 
should, be mechanically recorded, thus 
records for future reference. } 

The above exacting requirements have been satisfied by 
one torsion meter on the market and it now enjoys the dis- 
tinction of being standard equipment on U. S. Destroyers. 
On page 762 of these Proceedings, Volume 27, Number 4, 
Captain C. W. Dyson, U. S. Navy, says, in his article on 
The. Mystery of the Screw Propeller, “In all the above cases 
[referring to a large number of trials on various types of 
naval vessels] where shaft horsepower was measured by means 
of torsion meters, the Gary-Cummings torsion meter was used. 
and the results obtained speak volumes in — of _ ac- 
curacy of the instrument.” ; 

_The Gary-Cummings. torsion iheter combines 
with accuracy. Its construction, care, and operation, are’ 
simple and the personal equation is eliminated. No gears 
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or electrical equipment’ are present, and those parts subject to 
centrifugal action are very light and perfectly balanced. It 
measures’ the torsion over the entire length of one. section of 
shaft, is ‘mostly housed within the shaft, all parts requiring 
attention aré'easily accessible, and to-wear are 
few and easily adjustable. : 2 
The method of measuring: the torsion in shiafts 
by this instrument and of determining the shaft horsepower 
therefrom will be described, together with the construction, 
and care of the instrument. 
PRINCIPLE. 
relation the ‘shaft horsepower trans! 
mitted i in a shaft and the ‘torque in shaft i is in: 
formula ( 


where 
MS Torque or moment in foot pounds ; 7 
R. P.M, = Revolutions per minute. 


The latter factor may be obtained by a tachometer or other 
independent means, the former by the torsion meter. 

‘What the torsion meter actually does is to measure the tor- 
sion or twist that is present between the two coupling faces of 
one section of shaft when transmitting power. To better un- 
derstand the operation, suppose the shaft could suddenly be 
brought toa state of rest, retaining the twist present when 
the shaft is transmitting power. It would bea‘simple matter 
to measure the twist or torsion, and from this and a calibra- 
tion of the shaft determine the torque necessary to cause this 
torsion. ‘The instrument is simply a device to measure ‘are 
torsion while the machinery i is in operation. 


2 


_ DESCRIPTION OF ‘TORSION METER. 


- Meter Tube.The torsion meter, as shown in the phantom 
view, Fig. 1, and the line sketch, Fig. 2, consists of a rigid 
steel tube ‘housed in a complete Section of shaft, secured 
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rigidly at one end but free to move at the other, At the free 
end is mounted the attachment for measuring the torsion be- 
tween the two shaft flanges. The fixed end of the tube, Fig. 
3, is rigidly secured, by riveting, to a collar on a spider which, 
in turn, is an absolutely tight fit inside the shaft. A radial 
arm is secured to the face of the spider by machine screws 
prick-punched to prevent backing out, and this radial arm fits 
tightly into a slot cut in the shaft flange and is secured thereto 
by bolts. This construction insures a positively fixed end. 

The opposite end of the tube, Fig. 4, is free to move relative 
to the shaft. A collar is riveted on this end of the tube. 
This collar, in turn, rests in a ball bearing within. a spider 
which is rigidly secured to the shaft and which forms a.bear- 
ing rest for and centers the tube in the shaft. This spider is 
made to fit tightly in the shaft and is secured thereto by taper 
plugs in each spider foot which expand the four spider feet 
hard against the shaft. Two webs connecting adjacent feet 
of the spider add to its rigidity. The tube extends through 
the ball race within the spider and has secured across its free 
end a radial arm that extends through a slot in the shaft, the 
slot being of sufficient. size to allow the radial arm to move 
freely in a plane perpendicular to the shaft axis. Part of the 
recording apparatus is secured to this radial arm, Fig. 4. 

By assuming, when the shaft is free of torsion, a reference 
mark made on the shaft at the free end of the tube opposite 
the radial arm, it is obvious that, with one end of the tube 
fixed and the other end free to move relative to the shaft, any 
torsion in the shaft will be indicated by the angular displace- 
ment of the free radial arm from the reference mark. At the 

free end the meter tube is simply supported and centered. Its 
position is entirely controlled from its fixed end and its free 
end can rotate or move along the shaft as it expands or con- 
tracts. ‘The relative position of the two flanges is what the 
meter measures and transmits to the recording device. 

Recording Device—An umbrella-shaped device, equipped 
with two recording points, is so fastened to the outside of the 
shaft flange at the free end of the meter tube. that its axis. 
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Fic. 3.—Fixep ENnp or Torsion METER. 


Fic. 4.—FRree or ReEcorpDING ENp oF Torsion METER. 
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Fic. 2.—Torsion AND Carp—Hotper. 


"SCREWS POR AOTUSTING PAPER 
WOLDER SO BOTH VEEOLES MARK 
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revolves in a plane perpendicular to the shaft axis as the 
shaft revolves. The umbrella top can rotate in a plane per- 
pendicular to its.own axis and is so rotated by a butterfly 
piece and sliding ball joint, Fig. 5, This butterfly piece, in 
turn, receives its motion from the radial arm on the free end 
of the meter tube, being pivoted thereto, as shown in Fig. 6, 
so as to allow for a very slight but positive movement of this 
arm in a plane perpendicular to the shaft axis. The pivoting 
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Fic. 5.—BuTrerFly PIECE, Bart Jomunt, AND UMBRELLA. 


point can very easily be adjusted for wear by conical screws 
at each end. Provision is also made for. taking up wear at 
the sliding ball joint. These are the — two points of wear 
in the instrument. (7. 

The recording points are set on opposite. sides at the edge 
of the umbrella. When the shaft rotates these _Tecording 
points move in planes ‘petpendicular to the axis of ‘the shaft. 
A prepared cae, in a holder; Fig, suppotted from 
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the hull or bearing foundation. As the recording: points - 
the paper they trace parallel lines‘on the paper. 

Suppose these lines coincide when no power is being traris- 
mitted. If thereafter any torsion is-present in the shaft, the 
radial arm at the free end of the meter tube will assume a 
new relative position to the shaft flange. This apparent 
movement of the radial arm acting through the butterfly piece 
and the sliding ball joint rotates the umbrella and the record- 
ing points will now draw parallel lines on the prepared paper. 
The distance that these lines are apart isa measure of the 
torsion in the shaft, and the shaft horsepower can be calculated _ 
from this measured distance, the known revolutions per min- 
ute, and the calibration data. 

Card Holder.—The record. is. on card 
which is held ina holder supported from the hull or a fixed 
part of the machinery or its foundations... The. plane of. the 
card forms practically a tangent with the circles described, by 
the recording points when, the. shaft revolves and the points 
are recording. When not,taking cards a spring, shown in 
Fig. 7, keeps the card away from the points... When taking 
cards an adjusting stop limits the movement of the holder 
toward the shaft. The opening for. the needle record is only 
3} inches wide by, 2} inches high. In order that the needle 
record may be properly centered on the card a screw adjust- 
ment is provided to move the holder a short distance fore and 
aft parallel to the shaft axis. An adjustment to the holder is 
also provided so that both points will mark properly so as to 
prevent only one from recording. These two adjustments to 
the card holder will allow eae for any cHpanHOns or 
warping that may occur. ; 

Zero Reading.—lf. the meter were so set that both record- 
ing points described the same line on the card when, there was 
no torsion in the shaft, it would: be impossible to tell whether 
both points were or were not recording. . For this reason 
it is customary to so adjust the points,that they will record 
a small positive reading when the shaft is transmitting no 
power, that is, when the propellers are dragging but still 
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turning over. This positive reading is obtained by adjusting 
the conical set screws joining the butterfly piece to the radial 
arm yoke. sb 
ate CALIBRATION. 

To obtain the best results the shaft should be calibrated 
after the meter is installed in the section of shaft exactly as 
it is to be used on board ship, except for the card holder. The 
shaft is placed on two suitable supports and the end contain- 
ing the fixed end of the meter is securely fastened to a 
fixed girder. The opposite end of the shaft is supported 
by a bearing which allows it to rotate or twist with as little 
friction as possible. To this free'end of the shaft another 
girder is attached for applying the test loads. Whatever ap- 
paratus is used it is necessary that the turning forces due to 
the test loads applied at each end of the girder shall be bal- 
anced so that ‘there will be’ no eccentric’ twist in the shaft. 
The usual method consists of applying known weights at one 
end of the girder and applying equal and opposite forces at 
the other end of the girder by means of a jack or turnbuckle. 
This jack or turnbuckle rests on a weighing scale for measuring 
the applied force. Suitable corrections are made for the 
weight pan and jack or turnbuckle attachments. 

The weights in the pan at one end act downward while the 
turnbuckle must act with equal force in an upward direction 
at the other end of the girder. The points at which the 
turnbuckle and weight pan act upon the girder are knife 
edges that lie in a line passing through the shaft axis and are 
carefully measured therefrom. For convenience these points 
ate usually taken equidistant from the shaft axis. Fig. 8 
shows a general view of the shaft set up for calibration. The 
turnbuckle and scale are shown in the right foreground 
and the weight pan is shown in the right background. In. 
Fig. 9 the weight pan is shown at the left and the turn- 
buckle and scale in the left background. The method of 
securing the fixed end of the shaft is shown in both figures. 

The recording umbrella does not rotate around the shaft 
axis during this calibration test as it does when installed in 
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Fic. 8—Suart Set up FoR CALIBRATION. 


Fic. 9—Suart Set up ror CALIBRATION. REcorRDING UMBRELLA AND THE 
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the ship... Provision must, therefore,» be made for properly 
recording the angular twist obtained during this test. The 
record card is: placed small holder carried. by'an arm that 
rests on a special plate on the shaft itself..: This supporting 
‘plate is fitted to the circumference of the shaft, and when 
moved around the shaft causes the record card to describe a 
circle whose center is at the center line of the shaft. As the 
card passes the recording points two parallel lines are traced. 
The distance between these lines, corrected for the zero read- 
ing, is a measure of the moment or torque applied to the shaft. 

_ The umbrella is mounted on the girder at the free end of 
the shaft. .The method of mounting the — and card 
holder is shown in Fig. 

Calibration Test.—1. Set up the: shalt with the torsion 
meter installed as described above and as shown in- Figs. 8 
and 9. 

2. Adjust the ‘acclaim points so that the zero reading will 
be ten to fifteen-hundredths of an inch and take’a card. 

3. Apply a known weight to the weight pan and adjust the 
turnbuckle so an approximately equal upward thrust is ex- 
erted at the scale end and take another card: | 

4. Repeat operation 3 by adding a series of weights and, 
after adjusting the turnbuckle each time so the upward thrust 
is equal to the weights applied, take cards for each increment 
of weight. The shaft should be thoroughly rapped each time 
with lead hammers before readings are taken. These op- 
erations are continued until the desired load has been reached. 

5. To check operation 4 similar cards are taken as the 
weights are removed step by step. From these results, with 
proper corrections for zero reading of the instrument, the cal- 
ibration curve for the meter can easily be plotted. Torsion 
meter readings, corrected for zero reading, are plotted as 
abscissae and the torques applied to the shaft as ordinates. 
If the test is properly conducted the resulting curve will be 
a straight line, indicating that the angular twist in the shaft 
is directly proportional to the load applied. If the calibration 
curve is a straight line, it proves the correctness of the cali- 
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bration, provided no error, such as friction, has: 

 Torston-Meter. Tron the calibration: 
the torque per inch of meter reading can be «calculated. 
‘Theoretically; this should be the same for all loads applied 
and, if the test is carefully conducted, will be practically so. 
‘Fig. 10 shows the calibration sheet for the shafts of the 
U.S. S. Shaw. By taking the average of torque per inch of 
meter readings for all loads a figure is noses on » which to 
base the shaft horsepower. 

To facilitate ready calculation of the: power iransubiited 
the torsion meter constant contains, in addition to the torque 
per inch of meter reading, all other constants crm ee in 
horsepower formula as follows: GON 


R = radius on which load is’ applied in feet 
W = weight of load in pounds 0 ti 
-R.P.M. = revolutions per minute yiq 
M = torque or moment in: toot: 
Q = foot pounds for 1 inch torsion meter’ rearing | } 
T= torsion-meter in 


carts 


oS R XW X R.P.M. 
RPM. 
33:000 
_ ak aX QXTXRPM 
Let 
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2 |1000|1000|2000 |9000) .6a | .$9 \32203) |.56 |33929 
3 |2000\2000 |4000 26 |92769| 4/7 |39628] 
32048) /.74 |70 |33529) 
000|4000| 800 76.004 228 \33333 
6 |5000 5000\/000095000,303 |\294\ 923/39 \280\ 285 \33333 
7 |#000\4000| 93628} 
B |9000 3000) 174 \3352: 
9 12000) 2000) 4000| 38000) / 25| 416 |4/2 \3392>| 
40\1000| /000| 2000|/9000) .¢7| 58 \32759)\.59 | SS 


MOMENT FOOT LBS 
SHR: SHAFT HORSE POWER 
Q * TORQUE POR TORSION METER READING 
RPM: REVOLUTIONS PER MINUTE 
T TORSION METER REAQING IN INCHES. 
K + CONSTANT. 


alin x 
STARBOARD SHAFT 
2 6.203: 


939700 
Ks 6.4/8 


RAT 


Fic. 10.—CALIBRATION Data, U. S. S. “‘SHaw.” 


From the above it is apparent that with the torsion-meter 
constant, torsion-meter reading, and corresponding revolutions 
per minute, the horsepower transmitted can be calculated and 

the card with the revolutions per minute, entered thereon 
a record for ship’s files. 
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OPERATION ON BOARD SHIP. 


Setting Up.— When the apparatus is out of use for any ex- 
tended period, the recording apparatus is dismounted. To 
attach the apparatus first scrape all rust and dirt from the 
flange so that the umbrella bracket will fit tightly against it. 
Clean the top of the bar in the slot and the V-shaped block 
or butterfly piece that fits on to it. The butterfly piece should 
be adjusted by the centering screws so that it can be moved 
by the little finger. There must be ‘no lost motion between 
this and its centers. In order to be on the safe side, make the 
centers a little tight. Adjust the umbrella so that it revolves 
freely in its centers without lost motion. Two dowels locate 
the bracket on the =x 36 and it is secured by four machine 
screws. 

Adjusting Recording Points.—A gage in the spare-part 
box fits the flange with a.tongue projecting out to set the 
height of the recording points, Fig. 11.. These are set with 
a watch key (number 4 key in the spare-part box, Fig. 12) 
so that they just touch the gage as it is moved around the 
flange. This brings both recording points at the same dis- 
tance from the center of the shaft so both will record when 
the card is brought in contact. By means of the centering 
screws on the block attached to the top of the bar, set the 
points so that.one is about 4 inch farther fromthe flange than 
the other. The mark on the gage should be equidistant be- 
tween the planes of the points. This is the approximate zero 
reading. Set the needles so that their planes of rotation do 
not cross when the shaft twists in ahead direction, otherwise 
the zero reading would have to be added to the reading taken 
when underway instead of being subtracted as it should be. 

Adjust the centering screws so that the hinge in the um- 
brella piece was about as tight as it was before; then remove 
the umbrella bracket and make a final adjustment of the 
hinge screws. Do not disturb them too much or the zero 
reading will be thrown out. Put the umbrella bracket on the 
flange and secure. Try the umbrella for lost motion. If any 


‘is present, locate and remedy it. Try for tightness by insert- 
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Fic. 11—Apyustinc Recorpinc sy Gace. 


684.999 


Fic. 12.—Kry ror Apyustinc REcorpinc Pon's. 
Scale for Measuring Cards (divided into inches and tenths). 


| 
: 
| 
| 
4 ; 
i 
5 
| | 
4204567 88-1354 560709 223456789 12946547095, 
a 2 4 
| i 
: i 
i 
a 
| 
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ing a screw driver in the slot beside the bar and springing it. 
If the recording points do not come back to the original posi- 
tion when the strain is released, something is too tight, prob- 
ably the centers of the pamieghts or the sliding ball joint in 
the butterfly piece. 

Sliding Ball Joint.—The later type meters have the sliding 
ball-joint end of the butterfly piece split with a collar con- 
taining an adjusting screw over the end, Fig. 5. \ If the ball 
fits loosely in this piece take up the adjusting screw. Lost 
motion here is not very serious, however, because when the 
shaft starts to revolve there is a slight force acting to bring 
the recording points towards zero. Therefore the lost motion 
would correct itself, as it is the difference between the read- 
ings when the shaft is dragging and when transmitting power 
that determines the horsepower. If the ball has become too 
worn the spare umbrella should be used. One is carried in 
the spare-part box of each ship equipped with these meters. 
In some cases the ball is not the same distance from the axis 
of the umbrella for all torsion meters on the same ship, in 
which case the spare umbrella is shipped without the ball 
attached. ‘The spare balls are tagged for the shaft on which 
they may be used. In this event it is necessary to find the 
right ball and attach it to the spare unibrella‘ or a worn 
ball on an umbrella already in use. 

Adjusting the Card Holder.—Attach the card holder by 
two bolts to the support which is built out from the frame of 
the ship. Loosen the binding screws on the collars over the 
round bar, and move the holder forward or aft so that the 
center of the opening is in the plane of the axis of the um- 
brella as it revolves with the shaft. The object of this is to 
keep both points in the range of the card as the shaft twists. 
Jack the shaft until one point is directly opposite the opening. 
Turn the thumb stop screw to about one-half way and slacken — 
the two slotted screws so that the holder may be revolved 
about the bar. With the card in the holder, push it until the 
‘point just touches the card. Release it, and the spring will 
bring the holder back away from the points. Adjust the 
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screws.and move the thumb screw until the stop is properly 
set to keep the card: away from the.points. This prevents the 
points from striking the metal when the first reading is taken 
after the ship is underway. Tighten up all screws. 

To Determine Zero Readings.—The zero. reading is ob+ 
tained by dragging the shaft. This is done by getting some 
way on the ship, about one-third speed, then shutting off the’ 
steam. to the turbine, including auxiliary exhaust, and. per- 
mitting the shafts to revolve partly by the ship’s and partly 
by its own inertia and that of the rotor. Cards are taken at. 
frequent’ intervals while the shaft gradually slows down and 
the minimum of these teadings is taken as the zero read- 
ing. As the shaft soon stops revolving after steam is shut 
off, it is advisable to take a few practice cards before the drag 
actually starts. One man, experienced at taking cards, should 
be at each torsion meter while the shafts are dragging. 

Taking Cards.—Since the stop. is habitually set so that the 
points will not touch the cards when the ship gets underway, 
the first-thing to be done is to so adjust this stop that the points. 
just make a mark without tearing the card. About a dozen 


- cards should be placed in the holder. Some prefer to adjust 


the stop so that the needles are about ;, inch away from the 
card; then, with a slight pressure of the forefinger placed hori- 
zontally behind the card, bulge it outward slightly, just enough 
to make the points mark, as shown in Fig. 13. The holder 
is sprung forward with the other hand at the same time. 
This method is used by all experienced operators because it. 
lessens the danger of the points striking metal and does not. 
require such fine adjustment of the stop screw. It is attended, 
however, with some danger of cutting the fingers by the re- 
volving points and should be attempted only by careful op- 
erators. Should one point mark deeper than the other, do not 


push the card farther in; that will only cause the first point 


to cuit. Instead, adjust the side thumb screws revolving the 
card holder about its center, backing off one and setting up 
on the other. (Be sure the holder. is tightly held between . 
both adjusting screws before taking another record.) Repeat 
this until both points mark evenly. 
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Calculating the Horsepower.—Take a card andat the same 
time determine the revolutions per minute. Note the revolu- 
tions on: the card: Also; recordom the card from which shaft’ 
itis taken; the date and time. The linear distance in inches 
between the two parallel marks on the cards, minus 'the zero. 
reading (in rare cases this is plus if the planes of points cross 
as the shaft twists) is the correct torsion-meter reading. A- 
convenient’ scale is ship for measuring cards, 
12. 


Metér Reading = 
“Corrected Readipg=1.96.. 


| | 


R.P.M. = 102 
Meter Constant = 16.235 
S.H.P. = 1.96 x 102 x 16.235 = 3246 


FIG. 14.—SHOWS A CARD AS TAKEN BY THE TORSION METER, TOGETHER 
WITH THE NECESSARY CALCULATION TO OBTAIN 
THE SHAFT HORSEPOWER. 


Multiply the corrected reading (in inches and fractions 
thereof) by the torsion-meter constant and this result by the 
revolutions per minute at the time the card was taken. The 
final result is the horsepower being transmitted through the 
shaft. The torsion-meter constant is determined from shop 
calibration of the shaft, as already described, and this constant 
for each shaft is furnished by the shipbuilder to each ship. 
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Care of Instrument.—The twist of a large shaft as recorded 
by the torsion. meter is sometimes as small as one ten- 
thousandth of an inch. | To record such minute angles accu- 
rately the recording parts are made lightand delicate and the 
instrument must be carefully installed and operated. 

When meters are not to be used for some time, remove and 
stow away all parts on the outside of the shaft and the card 
holder until needed to prevent their becoming dirty and pos- 
sibly injured. Too much emphasis cannot be laid upon the 
importance of this. Ten minutes will suffice to remove all 
necessary parts. 

When the meter is not to be used for a short interval, such 
as over night, it is well to screw up the stop screw so that the 
card is well clear of the points. If the points should strike 
the metal of the card holder they will break and the shaft 
would have to be stopped to put in another set. 

The card is prepared on one side only, and this side must 
face the points when the card is in place in the holder. 
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PERFORMANCE AND DESIGN OF SURFACE FEED- 
WATER HEATERS. 


By M. C. Stuart, MECHANICAL ENGINEER, ASSOCIATE. 


Much has been written in recent years on the subject of 
transmission of heat from steam to water through a metallic 
surface. The investigations and disctissions have dealt prin- 
cipally with the laws of heat transmission as affected by tem- 
peratures and water velocities. The present paper is not 
concerned primarily with establishing laws of heat transmis- 
sion, but rather considers methods of applying known laws 
to performance and economic design, particular attention 
being given to new methods of showing the relation between 
tube length and water temperature and to the proper considera- 
tion of tube length, water velocity, and friction losses in de- 
sign. The development of certain theoretical relations will be 
followed by the codrdination of the theory with results of 
tests, and, finally, by the application of the theory and test 
results combined to the design of the apparatus. 


THEORY. 


The theory of heat transmission as developed herein is 
based upon the fundamental law, credited to various investi- 
gators since the time of Newton, that heat transmission is 
proportional to temperature difference. Referring to the 
diagram in Fig. 1, which represents the elementary case of 
water flowing through a tube which is surrounded by steam, it 
is evident that with a constant water velocity and a constant 
steam pressure, the temperature of the water will increase 
from inlet to outlet along some curve such as that marked 
“Water Temperature Curve.” The method of treatment, will 
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consist of first deriving the equation of this curve of tempera- 
ture rise of the water, then determining the mean temperature 
difference between the steam and water, which is the mean 
- crdinate of the curve, and, finally, determining the heat trans- 
fer factor. 

The assumption that the amount of heat transferred at any 


4 TI Mean Temperature DIFFERENCE BETWEEN 


Area Between Curve And 
= Temperature, | Fa 

ti= Inlet 

+o2Outlet Noter Deqree>,Fahr 
LeUmtLength 


mpe FromEquation ©) y= f 


tance’x” 


integrating We Obtain: lagey + C,,Whence we: de = 


WhenXsLor Unit Length. y2F-T Subst tutingin WeObtain: 


Substituting And’ In Equation . weObtain: rise 
To Simphfy Denominator, 
Heat Teansree Rare, Ste 
W (te-t, 
TD Value Of Tm quation We Obtain: 
Length UTD), Temperature Difference W loge 
At DeqinmingOF Length K = © 


FIG. 1.—DERIVATION OF CURVE FIG. 2.—DERIVATION OF CURVE 
OF TEMPERATURE RISE. OF MEAN TEMPERATURE DIF- 
_ FERENCE AND HEAT TRANSFER 

COEFFICIENT. 


point along the tube is proportional to the temperature differ- 
ence between the steam and water at that point may be ex- 


a: 
pressed by the differential equation: oA = — by which, 


after integration, reduces to the equation of the temperature 
rise curve, y= ae... (1), as given in Fig. 1. After de- 
termining the values of the constants a and b in terms of tem- 
peratures, this equation simplifies to the form of is grec (3) 
or (4), given in Fig. 1. 
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The mean temperature difference may be considered as the 
average distance between the curves of steam temperature and 
water temperature. In Fig. 2 the value of the mean tempera- 
ture difference is derived by the process of determining the 
mean ordinate of the temperature-rise curve by dividing the 
area between the two curves by the length. This derivation 
differs from the usual method of writing a heat balance, 
which involves quantity of water, amount of surface, and 
the heat transfer factor. The result is the usual forms for 
mean temperature difference as given in equations (5) and 
(6), Fig. 2. a 

Having determined the mean temperature difference, the 
heat transfer factor, K, may be written directly from its 
definition, K = B. t. u., transferred per hour, per square foot 
of surface, per degree mean temperature difference. This re- 
sults in the usual form for heat transfer factor as given in 
equation. (7), Fig. 2, or the somewhat simpler form of equa- 
tion (8). 


PERFORMANCE OF HEATERS; TEMPERATURE DIAGRAM. 


The validity of the theoretical relations between tempera- 
tures and tube length may be most clearly demonstrated from 
tests of multi-pass feed-water heaters, in which temperature 
readings are obtained at the end of each pass, because such 
tests give simultaneous data for performance of identical sec- 
tions of a-heater with identical conditions of steam pressure 
and water flow. A recent test of a four-pass heater, made at 
the U.S. Naval Engineering Experiment Station, Annapolis, 
Md., gave the following data for a run in which the water 
velocity was 5.14 feet per second and the steam temperature 
was 227.2 degrees F. 


WATER TEMPERATURES, DEGREES F. 


Inlet. Outlet. 
Third pass .......... 165.8 186.7 
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The writer plots these temperatures in Fig. 3, in what may 
be termed a “temperature diagram.” The abscissae are the 
inlet temperatures of the several passes and the ordinates are 
the corresponding outlet temperatures: A base line is drawn 
diagonally across the diagram through points of equal tem- 
perature, and the line of inlet temperature vs. outlet tempera- 
ture, which is drawn through the plotted points, is extended 
to meet the base line at a point corresponding to the steam 
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FIG. 3.—TEMPERATURE DIAGRAM FOR FouR-Pass FEED-WATER 
HEATER, BY SEPARATE PASSES. 


temperature, from the following consideration. If water 
enters any pass at the temperature of the steam, there will, of 
course, be no temperature rise, and the temperatures of inlet 
water, outlet water and steam will all be equal. Therefore 
the line of inlet vs. outlet temperatures intersects the base line 
at the steam temperature. In a multi-pass heater, the outlet 
temperature of one pass becomes the inlet temperature of the 
next pass. This feature may be shown graphically by the 


q 
3 
| 
| 
| 


PERFORMANCE AND DESIGN, SURFACE FEED-WATER HEATERS. 507 


“ stairway’ formed between the temperature line and the 
base line. The temperatures to be expected by adding addi- 
tional passes in series may be obtained by extending the 
stairway, as shown by the dotted lines for 5th and 6th passes. 

A relation between the temperature diagram and the theory 
as previously developed will now be pointed out. If the tem- 
perature line on the diagram is straight and intersects the base 
line at the steam temperature, it is evident that the ratio of | 


4 


INLET WATER TEMPERATURE. FIZSTPAS2 DEG. : 
Fic. 4:—Ts&MPERATURE DIAGRAM For First’ Pass or Muti-Pass Heater. 


initial temperature difference to final temperature difference 
is constant. From formula (8) for the value of the heat trans- 
fer coefficient, it is seen that for constant values of W and S, 
as exist in the several passes of the multi-pass heater, K_ will 
be constant if the ratio (I.T.D.) to (F.T.D.) is constant. 
Inasmuch as the temperature diagram satisfies this condition, 
that part of the theory is borne out which states that the heat 
transfer coefficient is independent of temperatures, and de- 
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pends only upon the ratio of initial to final temperature differ- 
ences. 

The principle of the enetations diagram, which has pre- 
viously been discussed by the writer in connection. with lubri- 
cating-oil coolers,* has a wide application in the analysis of 
performance of heat transfer apparatus, and will be illustrated 
and discussed briefly in its several applications. The diagram 


| 2. — 


DFFERENnCE 


AT. 


120 140 160 180: 200 220 
INLETWATEROR STEAM TEMPERATURE, DEGREES, FAHR. 
Fic. 5—TEMPERATURE DIAGRAM For HEatEeR, SHOWING VARIABLE STEAM 
AND WATER TEMPERATURES. 


of Fig. 8. was for the separate passes of a four-pass heater. 
In Fig. 4 is given a diagram for the first pass only, plotted 
from three separate runs in which the inlet temperature for 


*“ The Performance of Lubricating-Oil Coolers,” JournaL A. S. N. E.. May, 1917, 
page 300. 
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one run was adjusted to equal the outlet temperature of the 
previous run. This diagram for a single pass has the same 
characteristics as the diagram for a number of similar passes 
arranged in series. The temperature line is extended to meet 
the base line at the steam temperature, and the stairway be- 
tween the temperature line and the base line shows the tem- 
peratures which would be obtained by arranging a number of 
similar passes in series. 

Fig. 5 shows a temperature diagram from a test of a heater 
in which runs at constant steam pressure and variable inlet- 
water temperature are plotted along the line AB, and runs at 
constant inlet-water temperature and variable steam tempera- 
ture are plotted to the right of the base line, along the line CE. 
In each case the lines are straight, the constant steam-tempera- 
ture line intersecting the base line at the steam temperature 
and the constant inlet-water-temperature line intersecting the 
base line at the inlet-water temperature. The construction 
of each line satisfies the condition that the ratio of initial 
temperature difference to final temperature difference is con- 
stant. 

In Fig. 6 is given a temperature diagram plotted from a test 
made upon a Bureau of Steam Engineering feed-water heater, 
reported in the JoURNAL OF THE AMERICAN SOCIETY OF 
NAvAL ENGINEERS, February, 1912. The diagram is drawn 
for a series of 8 runs, in which the quantity of water was con- 
stant, the steam temperature was constant, and the inlet-water 
temperature was varied. The line of temperatures of inlet 
water vs. outlet water is practically straight and intersects the 
base line at the steam temperature. The water temperatures 
which would result by placing any number of similar heaters 
in series may be obtained by constructing the stairway between 
the temperature line and the base line. For example, starting 
with an inlet temperature of 90 degrees F at the first 
heater, a temperature of 207 degrees would be obtained at the 
outlet of the eighth heater in series. The curve of tempera- 
ture rise. throughout the series of heaters is obtained by pro- 
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jecting’ to. the right, the at the outlet of the 
several heaters and peng them to abscissae of pass or heater 
number. 

In Fig. 7 is shone an alternate method of plotting the 
temperature diagram, in which a single scale of temperatures 
is used, marked off along the base line. Both the inlet and 
outlet temperatures for the, pore! passes may be plotted or 
read from this scale. ace 

Two important uses of the bial cieribiée diagram are illus- 
trated by Fig. 8; the construction of a diagram from data of 
a single run, anda method of adjusting temperatures. A test 
on a heater gives the following temperatures : 


inlet water 82.0 degrees F. 
Gutlet water == ............. 186.5 degrees 


The inlet vs. outlet water temperature is plotted at A, ‘Rigs 8. 
A straight line from A to C, the steam temperature on the 
base line, shows the variation of the outlet-water temperature 
with inlet-water temperature for the given steam tempera- 
ture. It is desired to determine the outlet temperature: for an 
inlet-water temperature of, say, 90 degrees and a steam tem- 
perature of.240 degrees. A line parallel to AC, and through 
D, the point of 240 degrees on the base line, shows the rela- 
tion between water temperatures for a steam temperattire of 
240 degrees. The desired outlet temperature for 90 degrees 
inlet and 240 degrees steam is found to be 199 degrees at the 
point B above 90 degrees inlet-water temperature and on 
the line of 240 degrees steam temperature. ‘The same 
result could have been obtained’ analytically from the re- 


lation constant. This method -of adjusting tempera- 


tures is based upon the assumption that the lines. of the tem- 

perature diagram are straight. However, when the tempera- 

ture dines are ‘slightly: curved, as-is sometimes the case; adjust- 

ments i in n temperature may be made over a | small range with 
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only a minute error.. The above described method of adjust- 
ing temperatures is frequently used in adjusting data before 
plotting a temperature line:on the diagram, because: the lines 
on the temperature diagram-are for-either absolutely constant 
steam temperatures or for constant water temperatures. The 
_ data.plotted at A in-Fig..8 may-also be plotted at A’ to the 
right of the base line to coordinates of steam temperatures vs. 


70 4 
é LAL | 
L 
t 
| 
i WA 
7 


INLET WATER OR STEAM TEMPERATURE, DEGREES FAHRENHEIT. 


9.—TEMPERATURE rroM TESTS ON A Tone, BY 


outlet. water and by. ‘connecting inlet- 
_Water, temperature at E_ a line is obtained which, shows the 
“relation between steam temperature and outlet-water tempera- 
ture.for a constant inlet-water temperature of 82 degrees. A 
line for constarit inlet-water temperature of 90 degrees is 
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drawn parallel ‘to A’E, through 90. degrees: on the base line. 
By drawing other parallel lines a complete temperature dia- 
gram may besconstructed showing the outlet 
any: ‘desired inlet or steam temperatures. 

To extend the method to: another field, is in 
Fig. 9 a temperature diagram plotted: from the classic test of ~ 
Mr. G. A. Orrok on “ The Transmission of Heat in Surface 
Condensation,” published in the Transactions of the American — 


Society of Mechanical Engineers, 1910, page 1139. The test 
was made upon a single condenser tube through which water _ 


flowed, and which was surrounded by steam. The line FD | 
was plotted from runs in which the.steam temperatures were _ 
constant at 115 degrees, and the inlet-water temperatures va- 
ried from 53 to 110 degrees F. -The line BC was plotted © 


from runs in which the water temperatures were constant at 


50 degrees and the steam temperatures were varied from 115 
to 187 degrees F. Space will not be taken here to analyze 
these results, but it may be stated that the temperature line BC 
is straight and the line DF is nearly straight, and that from 
the equation for heat transfer factor kK = loge 


it is seen that a straight line on the temperature diagram 


corresponds to a constant value of K. The exact value of K ~ > 


along the temperature line may be determined from the ratio 
of rs D.25 found from the temperature diagram, and the 
known values of W and S. The effect of tube length on water 
temperature may be shown by forming a stairway between 
the temperature line and the base line. _ 

One other example of the temperature diagram i is given in 
Fig. 10, in this case the data being obtained from the experi- 
ments of the Babcock & Wilcox Co., on the transfer of heat 


from a hot gas to’ water through a boiler tube.* The earch aes 


tus consisted of a 20-fobt “Copper Pipe of 2 inches internal 


the Rate f Heat tom a Hot Gs toa Colt 


Surface, Babcock, & Wilcox Cow. Mew, York, 1916, 56, Run No. 3. . 
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FIG. 10.—TEMPERATURE DIAGRAM FROM TESTS ON A BoILER TUBE BY THE ] 
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diameter, surrounded by 20 individual water jackets. Heated 
gas passed through the pipe, and the temperatures at_ the 
inlet’ and’ outlet of each foot-length section’ were computed 
from the amount of heat removed by the water circulated in 
the jackets and’ the specific heat of the” gases. The inlet and 
outlet. ‘temperatures of the gases ‘for the’ 20 sections afe plotted 
in Fig. 10 in the form of a temperature diagram whose 
abscissae are inlet temperatures of gases -and ordinates are 
outlet temperatures of gases. A straight line through the 
points intersects the base line at the water temperature. Points 
2 to 6, inclusive, fall exactly on the line, and points 7 to 19 
are removed from the line by a constant amount of about 5 
degrees F. The points are connected by the stairway which 
when extended at either end of the diagram would give the 
relation between additional tube length and temperatures. In 
the case of gases, a straight line on the diagram does not 
mean a constant value of heat transfer coefficient on account 
of the variable value of specific heat of the gases. However, 
it appears that the temperature diagram would be quite useful 
in analyzing results of tests of on kind. 


LENGTH AND TEMPERATURE RISE. 


The shalytical relation tube length and 
ture rise along the tube was derived in Fig. 1, and is repre- 
sented by formula (4). In Fig. 11 are given three graphical 
methods of showing the relation between tube length and water 
temperatures. The first method is the:temperature diagram, 
- where, by means of a stairway formed between the tempera- 
ture line and the base line, the temperatures for any number 
of equal lengths may be determiried. By projecting the tem- 
peratures from the staitway of the temperature diagram to 
the right, there is obtained the temperature-rise curve to 
coordinates of tube length and temperature. A third method 
is derived by taking the logarithm of both sides of the a a 
of the curve of ew rise: 


q . 
i 
i 
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This produces the equation. log ey = log oats, which may 
be plotted as a straight line of semi-logarithmic coordinates, 
i. é.,, arithmetical abscissae of tube length and logarithmic 
cntinates of temperature differences between steam and 
_ water. Data from a test of a four-pass heater are plotted on 


Ng 
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the curves for each of these three methods in Fig, 11. It-is 
noted that in the. temperature-rise curve the origin is at the 
upper , left-hand corner, .and that the. ordinates, measured 
downward from. the origin, are: temperature differences be- 
tween steam and water. The corresponding water tempera- 
tures are marked along the ordinates for convenience. In the 
semi-log plot, the ordinate starts with a value of (ts — to)=1 
and the absolute origin, where (ts —to)==0, is at infinity. 
Either of these graphical methods, or the equation of the 
curve, may be used to solve problems of temperature rise as 
affected by tube length for a constant velocity. . If it is desired 
to determine the temperatures for a tube length which is an 
even multiple of a tube length for which the temperatures are 
known, the simplest method is the use of the Hr wind on the 
temperature diagram. 3 

For uneven multiples of lengths the aeih-iok curve is more 
convenient. This method is also more accurate for tempera- 
tures near the steam temperature, on account of the spacing of 
the temperature ordinates. In order to draw the semi-log. 
curve it is only necessary to know the water temperatures. at 
the beginning and end of a known tube length and the steam 
temperature. Using tube length as abcissae arid logarithms of 
(t;— 40) as ordinates, the inlet- and outlet-water tempera- 
tures are plotted and a straight line drawn through the points. 


TEST OF MULTI-PASS HEATER, 


In order to extend the discussion to cover various water 
velocities, and to-apply the: methods to the performance and 
design of a heater, a test. of an 8-pass feed-water heater will 
be cited. The principal dimensions of the heater \ were: 


Number 6f ‘tubes per ‘pass... TOBIN. 
Length of pass, between. tube sheets, and 3-914 
Length of unit tube, feet and 30-4. 
Total length of tubing in heater, feet and inches. eeeeprncaees «a, 333-8 
Heating surface, outside of tubes, square $468 
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~The heater was installed with the tubes in a vertical position. 
Steam ‘was supplied the ‘heater at a pressure’ of 10 pounds 
gage. The ‘inlet-water’ temperature ‘was ‘approximately 90 
degrees F. Readings‘of water temperature taken at the 
heater inlet and at the outlet of the 2d, 4th, 6th and 8th passes. 
The condensed’ steam was collected in a drain pot in which a 


Fane. 


THousanosOr PounsOr WATER Hove 

‘Fic. 12.—PerrorMAnce CURVES FoR AN Heater. 
water bevel was ‘anieladadil: Ak was relieved from the steam 
space through air cocks. The quantities of water and. steam 
were obtained by weighing. Analysis of the comparative per- 
formance of the several passes were made by plotting the inlet 
and outlet temperatures in temperature diagrams similar to 
that of Fig. 7. In nearly all cases the temperature lines were 
straight. The outlet temperatures were adjusted to correspond 
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Fic. 13. oF Heat TRaNsrER Factors AND 


- 
> 


30 


to a temperature of exactly 240 an inlet- 
water temperature of 90, degrees F, by the method. shown in ” 
Fig, 8, The adjusted temperatures. were then plotted in Fig. 


12 to, coordinates of capacity temperatures the. of 
the several. passes. 


bottoly bas HEAT TRANSFER FACTOR, $7 
“the values of heat transfer coefficients, as ‘computed from 
LT.D:\ 


the formula: = (ED are plotted water 
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velocity on logarithmic codrdinates in Fig. 13. The relation 
between K and the velocity in feet per second may be-ex- 

ssed. by the equation K = 339 which’ form agrees with 
. results found by Orrok and’ others. ‘The value of K may 
I. T. D. ) 


be computed from the value of the ratio (ep. TD. 


given by the: temperature diagram and a temperature diagram 
for ‘velocity ney be drawn by solving for the of 


from the valiieof K for that 


DROP. 


| friction drop ‘through the heater, which an 
important. xole in both performance and design, is plotted 
against velocity, to logarithmic coordinates in Fig, 13. The 
relation Between friction drop and velocity Hr= 0.006661, Vi 
agrees well.with the frictiondrop for this size of tube as re- 
ported by the experiments « oF bial and Schoder * on friction 
losses in brass tubes. : 


GRAPHICAL, DESIGN 


feed-water heater or other form heat- 
apparatus consists of determining the proper ‘balance 
among the factors: tube length, number of tubes, velocity, total 
surface, friction . drop, and temperature rise. The design 
methods explained herein are based upon the theoretical and 
experimental relations between these various quantities. The 
_ semi-logarithmic diagram of Fig. 14, showing relation between 
tube lengths, outlet temperatures and quantity of water ‘per 
tube for a steam temperature of 240 degrees and an inlet- 
water temperature of 90 degrees. was constructed as follows : 

The outlet temperatures for the various quantities pér tube 
were determined from the curve of Fig. 12 and plotted oppo- 
site the unit tube length of 30.33 feet.. Straight lines from 
these outlet ands the inlet of 90 de- 


dt 


* Saph and Schoder, A. S. C. E., 1904, Vol. 5, page 253. 
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grees at zero tube length show the relation between tube 
length and temperatures at the stated velocities or quantities 
per tube.. This diagram may be used to design. for any desired 


TTY 


VA 


it 


Fic. Desicn For Curves ror Heater with 
UBES: 


temperatures. In order to design ‘for a correct friction drop, 
also, the design curves of Fig. 15 are drawn. The straight 
lines of tube length vs friction drop at constant velocities are 


| 
| P 
) 
> *4 feet, (Loner Or Wares 5 
by 
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drawn either from the formula for friction drop as deter- 
mined from the test,’ or fromthe known friction drops for 
ihe unit tube length of 80.33 feet curved lines,*marked 
as constant outlet-water temperatures, are cross plotted-from 
the semi-log. diagram of Fig. 14 by plotting values of tube 
length and quantity per tube corresponding to the various out-’ 
fet temperatures. The design curves of Fig. 15 now include 
the variables: tube length, tube velocity, number of tubes, out- 
let temperature, and total friction drop. A study of the 
curves has shown that in every case the most economical de- 
sign is at the point of intersection of the curve of the desired 
outlet temperature with the ordinate of maximum allowable 
friction drop. This intersection determines the unit tube . 
length, which may be arranged in any number of passes, and 
the quantity of water per tube, from which the number’ of 
tubes in parallel for any desired capacity may be found. 

In using these curves for design the usual factors of safety 
should be allowed to care for overload capacity, sees oo, 
and other unknown conditions. 


ANALYTICAL DESIGN METHOD. 


In Fig. 16 is given a summary of the formulae “eat in 
design and an analytical method of design. The method is 
based upon the relation between heat transfércoefficient and 
velocity, K=aV"...(1), and the relation between friction loss and 
velocity H = 6LV™...(3). By combining these two empirical 
equations with the theoretical equation for heat-transfer co- 
efficient, equation (2), there finally results equation (7), which 
gives the value of velocity in terms of friction drop, water 
and steam temperatures; -and six constants, four of which‘ are 
experimental and two of which, ¢, and. cz, depend only upon 
the sectional dimensions of the tubes used. The values of the 
constants for 54-inch standard.tubes, No. 16 B.W.G.,,as deter- 
mined from several tests of heaters, are as follows: 


| 
| 


OR W INCH 
Heatee In 


Friction curves; Straight full lines, were obtained 
by plotting the friction drops obtained on test and 
given on Figure 13, opposite the unit tube length of 
the heater and drawing straight lines through the 
origin and these points. 

Equal outlet temperature curves; Curved, dash lines, 
were cross-plotted from temperature rise curves of 
Figure 14. 

Design data for any desired outlet temperature and 
friction drop are obtained at the intersection of the 
outlet temperature curves and the friction ordinate. 
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 m=1.70 to 1,90 


n@== 300 to. 340 
to 0.011 
= 305.8 
Co == 0.1636 


ANALYTICAL METHOD OF DESIGN FoR FEED-WATER HEATERS, 


K*Heat Transfer Coefficient. Btu. Transferred Per Hour. Per SqFt. Heating 
Surface, Per Degree Mean Temperature Dif ference 
VeVelocity Feet Per Second. 
W=Pounds Of Water PerHour ThroughHeater. 
S*Total Heating SurfaceinHeater,5q.Ft. 
N=NumberOf Unit TubesinHeater. 
LzLengthOf Unit Tube Feet. 
H=FrictionDrop, PoundsPer $q.Inch. 
Temperature Of Steam inHeater, Degrees Fabr. 
ti*Iniet WaterTemperature,Deqrees, 
tos Outlet Water Temperature, Deqrees, Fabr. 
HeatTransfer Coeff. Constants0etermined FromTestOf Heater: 
b,m=FrictionConstants DeterminedFromigstOfMeater OrOther Sources. 
G=Constant DependingOn Of Tube Used. 
C2=Constant DepehdingOn Outside Perimeter OF Tube Used. 


S=C2LN ©. 
ce 


Substituting Yalues0F W & Ont quation® 
WeObtain: 


Substituting Value OfL Fromfquatior&) In Equation ©) We Obtoin: 
act Or, 
be, 
be, 


Moy Now Be Determined By Substitution 
FromEquations @,@ And © Respectively 


Fic. 16. 
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The formulae given in Fig. 16 may be used to design feed- 
water heaters or any similar apparatus with any type or size 
of tube for which the values of the six constants enumerated 
above are known. The proper’ velocity is determined from 
equation (7), and the value of tube length and number of 
tubes then determined from equations (3) and (4), respect- 
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VANDALISM. 


Through the courtesy of ‘‘ Power” this Journal is able to 
reproduce the first published photographs of the damage 
wrought on the machinery of the German vessels Bulgaria, 
Rhein and Neckar, recently taken over by our Government. 
The eight pictures on the preceding pages give some idea of 
the manner in which the ears rg? and valve chests were 
wrecked. 

and: valve-chest covers were the 
cylinders and chests were wrecked by hammers and rams. 
In the boiler rooms thermit was used in at least one vessel. 
The principal. boiler damage was caused by lighting fires in 
dry boilers. A casual survey, might lead one to believe that 
destruction was thorough and beyond repair. If the directing 
mind believed the measures adopted would permanently dis- 
able these vessels, it failed to allow credit to American engi- 
neering ability and the patriotic ‘attitude of our industrial 
establishments. The large’ railroads have taxed the capacity — 
of their machines and repair shops. to furnish equipment and 
skilled men to'take care of some of this reconstruction. — 

The actual work. has been electric and oxy-acety- 
lene welding: and by patching, While the use of’ welding i in 
the repair of cast iron is common in railroad practice, it is not 
well known in the marine world, and its use is considered 
quite a departure in marine PrsHies and, no doubt, will be 
followed with considerable interest... 

Former practice would indicate that renewal. of cylinders 
was necessary, with the attendant’ large loss of time and great 
expenditure of public money. On the contrary, with few ex- 
ceptions, practically all cylinders have been reclaimed and 
will soon. be.in service. , 

JOURNAL OF THE. Shetty’ oF Navan 
ENGINEERS hopes soon to: be able to:publish a series. of arti- 
cles ‘dealing with the methods of repair ou all ships taken 
over by the Government as’ conducted. by the several: engi- 
neering officers in charge of the work.—THE Epiror. 
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NOTES ON THE CONSTRUCTION: ‘OF TURBINE PUMPS.* 


The turbine has ‘come so highly successful as a prisipitig en for 
‘duties of all description that no apology is needed from the author for 
again returning to the subject and offering a:few practical notes. the 
design and construction of its detailed parts. 
‘Tt will be corivéenient to consider the tig ‘under the heaidings of the 
various component parts of a. pump, 
The Stator, which consists of (I. casing or housing, 
b) ‘the guide’ vanes or ‘for ‘velocity 
ergy into. pressure energy. Brig ic 
The Balancing Appliancé—hydraulic or mechanical.’ 
The Rotor, considered -as, a whole, and. including the with 
“its sleeves, and in most cases the balancing 


governing and resistance ‘wear, and I; b, Il, (are 
deteratining the efficiency. 

“The author propdses to deal at greater length with HE. and IV., for the 
reason that, they -have. probably been. less: discussed than the. others, also 
their practical importance is of the greatest moment, and he cannot deal 

‘with ‘the whole subject — within the confines-of a paper written 
during the present time, +5, 

chief ‘of items ‘and Vv. will briefly reviewed: 


ifpt 


Tcasine, 


The individual of a turbine pump in. or 
cells containing the outward-flow guide passages, and the return con- 
duits for the water; these chambers may be part of a whole in which 
the outer body is cast in one piece, or an aggregation of a number. of 
distinct éells without any outside’ envelope. There are therefore two 
main types :—(1) The Osborne! Reynolds or divided type, and. sometimes 
called the “ring type.” (2) The Sulzer, integral or one-piece type, some- 
times’ called the “ cylindrical” type. Recent Ametican practice provides a 
variation of. this type with the housing in halves divided; on the hori- 
zontal center line. The two main types are diagrammatically Seals 
by Fig. 1 (a and b) and Fig. 2 (a and b) with variations in Figs‘ 3 and’ 4. 

The Osborne Reynolds Bg p. and its evolution was, dealt with by the 
author in collaboration with Dr. E. Hopkinson, in some detail ina paper 
read before the Institution in) January,1912. ‘This type) was followed at 
a. later date, by the integral. one of Sulzer, which had, for a, period, a 
considerable 1 vogue. An examination of the present-day practice of‘ va- 
rious makers will prove, /bowever, that the ting type’ has: ultimately. 
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proved the preferred one. The Reynolds pump has always used a sepa- 
rate cell for each impeller, and it is therefore correct to say that the 
ring type of pump owes its inception to this country. The continental 
form of the series turbine pump is due to Sulzer—first pump 1896—and 
in this type a monoblock housing was used for all the chambers or 
cells, the guide vanes being inserted from the end. 

Before dealing with either type or variations arising out of them it 
is advantageous to consider the essential functions of the chamber or 
housing of a turbine pump. Primarily, each cell consists of (1) the out- 
ward-flow guide passages in which the kinetic energy of discharge from 
the turbine impeller is converted into static head, and (2) the return- 
water passages back to the center for conduction to the next impeller; 
a complete housing is a collection of such cells. Obviously, in the design, 
commercial considerations must have a material guidance on theoretical 
claims. Against the requirements for best theoretical conversion of 
kinetic energy must be matched the allowable limits of dimensions con- 
formable with commercial possibilities, and, in the interests of efficiency, 
special attention must be paid to the arrangement and dimensions of the 
divergent channels or guide passages. As is well known, the form for 
guide passages is represented diagrammatically by Fig. 5, and this pas- 
sage must be disposed in some form to lie conveniently in the desired 
casing. The general character will be either a simple outward-flow type 
in one plane, Fig. 6, or a mixed type outward and axial in two planes— 
see Fig. 7 (a and b) and Fig. 8. 

The divergent angle of guide vane, Fig. 5, for best efficiency was 
shown by Professor Gibson’ to be 10 degrees to 11 degrees. In many 
cases such a small divergent angle leads to a large overall diameter 
guide vane in order to give a sufficiently reduced speed of water to 
permit reversing its radial direction, and the result is a very heavy casing 
in consequence. For this reason divergent angles of 15 degrees are 
commonly found in practice. Evidently a more efficient pump will 
sometimes be heavier and more expensive than one less efficient, and 
commercial considerations must provide the final deciding factor between 
efficiency and weight. There is, of course, a school of design which 
believes in dealing with a proportion of the velocity conversion in the 
wheel itself, thus leaving less to be dealt with in the guide passage; the 
extent; however, to which this method can be used for weight saving is 
very small, if any. 

The various assemblies of passages may clearly be grouped into :—(A) 
Tangential and radial with return radial—see Fig. 6 and Fig. 1 b; (B) 
tangential and spiral—see Fig. 7 (a and b) and Fig. 8; (C) combina- 
tions—see Figs. 9, 10 and 11. The Osborne Reynolds pump—1887 and 
‘1875 type—employed an early form of the (B) assembly, and has adhered 
to this type up to the present day, various improvements being embodied 
from time to time, in some of which the author was concerned. On 
the Continent Messrs. Sulzer introduced in 1896 design (A), and 
the author believes they have made little departure from the type beyond 
. considerable simplification of their early arrangement of passages, 
ig. 2 a. : 

Speaking generally, combination designs (C) are not so efficient as 
the simpler types (A) and (B), owing probably to the hydraulic loss 
through changing the radial direction of the water at high speed. From 
a works construction point of view, “ring casings,” Fig. 1 (@ and b), 
are the most economical, and in practice give high efficiency. In the 
form similar to that shown in Fig. 12, the author some years ago was - 
able to mold and cast ring casings without cores, machine molding being 
adopted, and the cost per chamber coming out at a very low rate. j 

-For “cylindrical” casings, Fig. 2 (a and b), a complete pattern is 


36 


| | 


528 NOTES. 


required for each size and variation in number of chambers. Its acces- 
sibility, however, and ease of dismantling is sometimes considered to be 
greater than with the “ring” type, though this is to a certain extent a 
matter of opinion. A great drawback to casings containing separate 
cells is that, on account of the sliding fit between the intermediate pieces 
and casing, an unknown amount of leakage constantly takes place be- 
tween the cells. With a “ring” type of pump, leakage is instantly de- 
tected and can be remedied. As a commercial proposition the author 
unhesitatingly favors the divided or “ring” type of casing, and when 
properly carried out has met no difficulty with it in practice. ; 

Before leaving this part of the subject, a word about the finish of 
guide-passage surfaces is necessary. For best efficiency the throat of the 
passage at least, if not the entire passage, should be gun metal or bronze, 
as iron does not preserve a sufficiently good surface for high velocity 
conditions. Common practice is to provide only three sides of the guide 
passage in bronze, Fig. 13, but this can only be defended on grounds of 
cheaper first cost. For best results a bronze plate should be provided 
to box in the passage, the plate being attached to the guide-vane casting 
or dowelled to the casing. Guide vanes are sometimes cast completely 
boxed in, and this method necessitates hand finishing of the passage by 
file and scraper; open vanes, however, lend themselves better to cleaning 
out and accurately finishing either by hand or by machining. A good 
smooth surface is essential for the best results, and will always justify the 
increased cost. 

The method adopted of securing guide vanes from rotation and vibra- 
tion must be a thoroughly sound one or trouble will result. 


II.—IMPELLERS. 


Impellers are either:—(1) Single entrant or (2) double entrant. The 
first is almost universally in use for multicellular pumps, and the second 
almost. exclusively for single-chamber pumps; it is only proposed to 
deal with the single-entrant form. Multicellular pumps use the single 
eye wheel in three forms:—(a) Unbalanced, unequal side area, one rub- 
bing shoulder, Fig. 14; (b) unbalanced, equal side areas, two rubbing 
shoulders, Fig. 15; (c) balanced—on paper, Figs. 16 and 17. There are 
other types, mixed flow, radial and axial, &c., but these are not used to 
a sufficient extent to be worth including in this paper. : 

Type (a) may be said to be one now generally used, that is, the 
preferable design; type (b) has certain advantages for machining, &c., 
but probably requires a stiffer shaft. Also, having no central supports, 
it tends to rotate the suction water of the next impeller and may be 


attended by greater stage leakage due to the increased annular running. 


clearance; type (c) has the paper advantage of being in balance; actually 
it is a poor approximation to a balance. Disturbing factors are set up 
by differences in side pressure on the impeller due to differences in 
volume and surface form of the water contained on the two sides of 


the impeller, Fig. 18; differences of -quantitative leakage through the. 


two shoulders; and high-pressure leakage into one side of the impeller 
from the stage above, and leakage from the other side of the impeller to 
next low-pressure stage below. Therefore, in practice, it is necessary to 
provide an additional end-balancing device of the hydraulic type, or a 
mechanically-positioning fitting such as a thrust collar or ball-bearing; a 
method, especially for mine usage, not to be recommended. 

The internal design of all impellers is governed by the same controlling 
features :—(1) ‘The entrance or inlet angle of vane; (2) the delivery or 
exit angle of vane. 


The entire design must, while based on these considerations, consult 
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the convenience of the workshop to the utmost degree possible without 
departing from required dimensional accuracy. The standing difficulty 
with turbine pumps, from the manufacturing point of view, is their 
constant variation to meet the infinite number of conditions of varying 
head, speed and quantity encountered in practice. Whatever efforts are 
made, it seems impossible to keep to a small number of standard im- 
pellers if the highest efficiency is to be reasonably well reached each 
time. Efficiency, it should be noted, is really the prime factor in design 
and not apparent first cost, for the pump is very often driven by an 
electric motor of greater value. If, therefore, by the use of a pump of 
higher efficiency a reduction is effected in the necessary power and size 
of motor, the combination will generally come out cheaper. 

The maker who elects to change his impellers and diffusers to suit 
the demands of the inquiries as they come in, will obtain a higher per- 
centage of orders than one who has standardized his, even though the 
latter may have reduced costs by making in large quantity. In consider- 
ing if in any way it is possible to meet the designer’s requirements without 
losing all the advantages of repetition manufacture, we may first take 
the inlet angle, This depends on the resultant of the—supposed—radial 
flow of the entering water and the peripheral speed of the inlet tip 
itself, and it usually varies between 15 degrees and 30 degrees. If we 
select to use always 15 degrees we might suffer in some cases to the 
extent of 3 per cent. or 4 per cent. If we take two sizes, 15 degrees 
and 25 degrees, and make a liberal provision of inlet width, or, as 
some designers phrase it, make an adequate allowance for “weir coeffi- 
cient” at entrance, we shall only drop perhaps 1 per cent. in exceptional 
cases; so it seems possible to do something in the way of standardizing 
the inlet angle. 

One might refer, in passing, to some of the current ideas concerning 

the inlet angle and the condition of the water at entry to the impeller. 
Some designers have maintained that very great accuracy of the inlet 
angle is vital to high efficiency, in spite of the fact that in the ordinary 
unobstructed eye it is impossible to say what the absolute velocity and 
direction of the incoming water is, and, therefore, to estimate precisely 
what the correct inlet angle should be is impossible. Further, the behavior 
of the incoming water varies with every‘rate of flow, and the only ‘way to 
foretell its condition would be to insert inlet guide vanes; this, however, 
in such experiments as the author“is aware of has proved an ’objection- 
able practice and only introduces further losses in the pump.» Another 
school holds that it is an advantage purposely to introduce a forward 
whirl in the water at the eye with the object of helping the water into 
the impeller. If such an initial whirl is used, the work necessary to 
create it is necessarily done by the pump itself, and it-is, therefore, 
questionable if this does not entirely overweigh any possible gain. 
' This discharge angle depends on the resultant of the peripheral speed 
of the wheel and the radial outflow, the variation of which is so great 
it seems impossible to devise any standardization. To meet quantity 
variation two widths of impeller may be used, and to meet required 
speeds of revolution it is usual to allow a small percentage variation in 
the impeller diameter to suit special demands; this latter, however, is 
conveniently done without pattern or casting alterations. 

The foregoing considerations lead to the conclusion that nothing less 
than a special core box will be required for each case, and it is quite 
usual to meet the difficulty in this way. Evidently, however, a most 
valuable appliance would be a special form of core box, which in itself 
was more of a’standard and could be adopted for manufacture in quan- 
tity; this result might be effected by fitting in vanes of a flexible nature, 
so that the necessary alteration and adjustment would not be great, and . 
the whole outfit would come out cheaper than if a patternmaker had to 
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build a fresh box and fittings for each new demand. As the accuracy 
and smoothness of the impeller is of great importance, the author has 
always looked to machine molding, and to a special machine like a 
wheel-molding machine, for the purpose; he has not, however, as yet, 
arrived at the final design for such. 

The surfaces of the impeller, both inside and out, play an important 
part in the efficiency of a turbine pump. The smoother the outside 
surface the less the power lost in disc friction, and the less the power 
wasted in revolving idle “dead water.” An interesting point to note is 
that the greater the speed of revolution of the “dead water’—that is, 
the greater the power absorbed in this way—the less the leakage from 
the periphery of the impeller; but a little consideration will show that 
greater overall economy is gained by reducing the wasted power in 
idle revolution to a minimum. As regards the internal smoothness of 
the passages of the impeller, it is usual practice to clean up the surfaces 
as well as possible with file and scraper. Impellers have been built up 
with one loose side so as to permit of machining or more effectively 
cleaning the interior; and it is evident that with individual impellers 
producing high heads the results would well repay the extra cost. Ob- 
jections to this practice are the difficulty of making attachment of the 
two parts and the extra weight necessary to provide attachments. 


ITI.—BALANCING APPLIANCE. 


The experienced designer knows, from practical knowledge, that even 
if a group of impellers, or even a single impeller, is theoretically bal- 
anced by equivalent areas subject to pressure, it will not in actual prac- 
tice be free from all end thrust. Apart from variable leakage at the 
two sides of an impeller, which, by the way, is the principal cause of 
end thrust, we often have variable side surface both of the impeller and 
the cell chamber. If the conditions of capacity or surface of the two 
clearance chambers vary, the resulting pressures will vary and an axial 
thrust is set up. Professor Gibson has investigated the effects on effi- 
ciency—power lost—due to varying the side clearance. of the impeller, 
and he took readings of circumferential pressures: set up by revolving 
discs, but he apparently did not plot out the resultant effect in end 
pressure. This interesting problem is: discussed in a paper by F. Zur. 
Nedden, where use is made of the results from both Professor Gibson’s 
and Professor Unwin’s revolving-disc experiments. The general effect 
of the gyratory pressures set up is indicated in Fig. 18. It is seen that 
the speed of the revolving “dead” water at the two impeller sides sets up 
pressure in opposition to the leakage pressure from the impeller tip, as 
already pointed out; the faster the water revolves the greater the re- 
sistance to leakage, and the less the resultant pressure due to that 
leakage. It can readily be seen, therefore, that the effect of the chamber 
at one side of a wheel having greater capacity than the other, or having 
more obstructions in the way of ribs, pockets or exceptional roughness, 
&c., plays some part in the determination of end thrust. 

All the earlier turbine pumps employed some form of thrust bearing, 
either of the collar or the ball type, to keep the impellers in correct ' 
alignment with the guide passages, and it was not until much trouble had 
been experienced with these that hydraulic control was ultimately adopted. 
Experience showed that much higher end pressures were set up than 
were ever anticipated, but for a period mechanical devices were persisted 
in, improvements being made attempting to withstand the excessive loads, 
and scant notice, it would appear, being taken of water-turbine practice 
where for many years it had been the custom to relieve axial thrust 

_ hydraulically. Fig. 19 illustrates a hydraulic balancing device in use on 
Francis turbines, and which, if properly proportioned, is automatic, and 
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thus embodies all the essential points of many present turbine-pump 
balancers. One should bear in mind that the relation between the 
calculable axial thrust and the thrust realized in a water turbine is much 
closer than in a centrifugal pump of the multi-stage type, the reason of 
this being that the disturbing factor in a high-lift pump is the leakage 
from stage to stage. 

The well-known application of turbine pumps to high lifts by Messrs. 
Sulzer, at Horcajo Mines in 1898, was carried out with back-to-back 
impellers, and a ball thrust bearing was provided to take the end thrust— 
in one direction only—which is inseparable from this arrangement of 
impellers. In 1901 Professor Rateau was manufacturing pumps with 
end thrust. approximately eliminated hydraulically by his well-known 
method of shroud reduction, and provided with a balancing piston, Fig. 20. 
This method was not automatic, and the pressure on the piston could 
only be adjusted by means of a hand-operated throttle valve. However, 
this was the first step, and the automatic control of the necessary pres- 
sure on the balancing device, and determined by the end movement of 
the spindle, followed as a matter of course. The development of the 
differential type of: balancer carried out under the ‘author’s: direction in 
1913, :extended over several years, progressing step by step from a 
hand-adjusted needle valve, Fig. 21, regulated to produce the required 
balancing pressure, to a mechanically-operated needle valve, Fig. 22, 
actuated by the axial movement of the spindle, and then through sev- 
eral forms of rotating throttle valve disposed’ on the spindle itself and 
actuated by the same means. Further reference to the final i 
appliance—diagrammatically shown in Fig. 23—will be made shortly. 

In 1906 Messrs. Sulzer brought out their device for relieving thrust 
shown in Fig. 24, and the principle used had been followed by many 
other makers and introduced with many variations. The action of. the 
Sulzer device is simple; it comprises a single plate with a throttling 
device, through which the pressure water has access to the plate. The 
area of the plate is sufficient when acted on by a somewhat. throttled 
delivery pressure to overcome the tendency of: the rotor to travel in the 
opposite direction. As the pressure gradually rises before the plate, its 
increased power carries the rotor to the right until further motion is 
arrested by the escape of the increased pressure through a widening 
annular space between the plate and its facing seat. An ultimate run- 
ning position is reached when the leakage through the clearance between 
valve and seat is sufficient to maintain a pressure at the back: of the 
plate, equal to the set of the rotor in the opposite direction. It will be 
seen that the balancesis quite automatic in its control, end movement in 
either direction taking place until stability is reached. ' 

Without going further into the detailed evolution of automatic control 
of the hydraulic end balance of the turbine, it is sufficient to say that the 
devices adopted resolve themselves into two basic forms:—(a) Single 
acting—simple—of which the Sulzer, Fig. 24, is the general type; (b) 
double acting—differential—of which Fig. 23 is the type, and Fig. 13 a 
modification. 

Other single-plate forms are shown in Fig. 25 and 26: In the first of 
these the throttling agent, a small nipple, is removed to the discharge 
side of the plate, thus giving, in a measure, a double action to the 
plate; the quick action and limited travel due to the second face of the 
differential type is not obtained, however, and there is a possible dis- 
advantage in the small aperture when dealing with impure water. The 
second example combines some of the points of both forms of balancer, 
but ‘as the pressure in the spent-water chamber is always augmented by 
high-pressure ‘leakage into the low-pressure side of the plate, the device 
is, obviously, relatively extravagant in leakage water, and must therefore 
be considered inefficient. 
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The general effect of wear on single-plate balancers is increased leak- 
age, the outcome ‘of which is further end movement in one ditection 
until finally the impeller discharges do not match their guide-vane 
entrances but become off-set. This tendency in hydraulic balancers led 
the author to devise form “b,” or the double-action control with which 
such difficulties are overcome. 

Fig. 23—also in Fig. 12—finally shows the present standard double- 
plate or compound differential balance arrangement. The balance piston 
and regulating valve are combined, and form a balance disc with two 
active throttling surfaces floating between two fixed seatings with a 
minimum clearance. All the working faces are arranged vertically so 
as to be independent of possible vibrations of the rotary system. The 
pressure water, escaping from the rim of the last impeller, passes through 
the holes A into the pressure chamber m, from which it escapes along 
the throttling surface of the balance valve into the regulating pressure 
chamber k, and from there, past the small throttling surface into the 
escape pipe p, leading preferably. to an open drain, or back into the 
suction chamber of the pump. The double-plate balance appears to be 
the most sensitive automatic balancing device in practical use, for by it, 
closing up of the plate on the large throttling face causes an opening out 
‘on the small one, thus multiplying the balancing effect; a movement of 
a thousandth part or so of an inch being all that is required to counter- 
balance the most extreme and sudden changes of the hydraulic equi- 
librium of the pump. The other and most important feature of this 
auto-plate balance is that it always maintains the central position of the 
impellers, even if the throttling surfaces become worn, as is invariably 
the case when pumps are working on gritty water. 

A continental form arising out of this type is shown in Fig. 27, and 
it is obvious that the same remarks concerning extravagance in leakage 
water apply to this example as to Fig. 26. The arrangement of the 
balancer at the end of the spindle outside the external bearings is not a 
good one, for the reason that a high-pressure gland at the delivery end 
of the pump is still required, and an additional gland also for the 
balancer housing. 

A single-plate balance made by the same firm as the above is shown 
in Fig. 28, and this, too, is open to the same objection as regards dis- 
position on the spindle. 

It is usual to make hydraulic balancers with renewable faces at the 
points of close running, so that the appliance can be readily repaired after 
wear has taken place. As regards the best material to be used for the 
renewable part, some considerable experience is needed before a decision 
can be made. Gun metal was probably the first- material to be used, but 
cast iron, cast steel, and hard bronze have all been tried, the present 
practice usually being to fit hard bronze. The ideal material is one 
which is hard and “short,” and has a very low coefficient of friction 
when working in water; a material which “drags” is quite unsuitable, 
and apparently an incorrodible iron, one containing a high percentage of 
silicon or a nickel steel, seems to best fit the requirements. Non-metallic 
substances, such as red fiber, woodite or dexine, have been considered,, 
but any material which becomes slightly absorbent after long immersion 
is useless. 

' Sometimes difficulty is experienced in starting up large turbine pumps 
on account of the large diameter balance rings being held together in 
metallic contact instead of being apart in their usual running position; 
the result is an abnormally high starting torque for the motor and 
probable damage to the faces of the balancing device. When a turbine 
pump with differential balancer is “stopped,” the rotor will always take 
up a position with the balancing faces apart if the waste-water outlet, 
Fig. 29, is taken to an open drain; however, if the spent water is led 
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back to the suction pipe of the pump and a foot valve is provided at 
the end of the suction pipe, the whole rotor is forced towards the suc- 
tion end of the pump as soon as the foot valve closes and the head 
pressure comes on. The reason for this is that the area of the balancer 
on the outlet side is greater than on the inlet side by an amount equal 
to the diameter of the spindle For this reason the waste water from a 
balancer should not be connected to the suction pipe of a pump, or 
means should be taken in the pump to equalize the areas subject to the 
static hydraulic pressure, Fig. 12, 


IV.—THE ROTOR. 


As is well known, the internal design of a multi-stage turbine pump 
involves a rotor comprising a number of impellers keyed on to a shaft, 
the shoulders or bosses of which abut on each other and are secured 
and maintained together by double nuts or the like at, or near, the ends 
of the shaft. Such portions of the shaft as are not covered by the 
impellers, but are subject to the action of the pumped liquid, are pro- 
tected. by sleeves which fit up to the impeller bosses and thus make a 
pe rg sheath outside the shaft itself, Fig. 1 (b) and Fig. 2 (a and 
b), &e. 

_This rotor revolves within the guide chamber and housing, each im- 
peller running at some points in the closest proximity to the partitions 
dividing the pressure stages and return guides. 

These so-called running joints or neck rings must be so maintained 
by design and construction as to secure in continued service the smallest 
possible hydraulic leakage back from stage to stage, or mechanical loss 
by rubbing friction, both of which affect the efficiency and wear and 
tear of the pump. As a question of practical importance the design of 
this combination probably follows next to that of the successful auto- 
matic hydraulic balancing of the axial end thrust. We have in it the 
question of the deflection of the pump shaft; the reinforcing effect of 
the surrounding impellers; the support afforded by the bushes, if any, 
between each stage, and the loss by bush friction—wear; the form of 
neck ring to reduce leakage; and the effect of keyways and keys, &c., 
all independent of each other and affecting the whole. 

The ideal condition is that of a rotor supported in lubricated bearings 
with a shaft of such sufficient stiffness between supports that the de- 
flection, under all possible running conditions, is less than the clearance 
allowed at the neck rings and intermediate bushes, so that no contact 
takes place between the rotating and the fixed members, this clearance at 
the neck rings and intermediate bushes being kept down to the smallest 
possible limits. It will be seen that it is impossible to present mathe- 
matically the ‘exact conditions with such a number of incalculable factors 
to take into account. For instance, it may be thought that a not incon- 
siderable reinforcing effect is obtained by the combination of the im- 
pellers outside the shaft as a whole. In practice, however, it is not 
advisable to lock up the impellers together shoulder to shoulder against 
each other by the end nuts in order to get the advantage of the rein- 
forcing effect; because, due to, amongst other things, the slight inaccu- 
racies of manufacture in squaring the shoulders of the impellers, sleeves, 
&c., the result would be to throw the combination out of truth, that is to 
distort the shaft. It might be contended that this need not be so, but 
even then provision must be made for dismantling in a mine or similar 
place with its obvious attendant disadvantages, and the possibility of 
rough treatment taking place; furthermore, as a safeguard against heat- 
ing up and consequent expansion of the outside combination—bronze— 
against the internal—steel—shaft due to accidental contact with the inter- 
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mediate bushes, running, perhaps, when the pump is empty, suitable ex- 
pansion should be allowed for, and the impellers, to ensure this, must 
not be locked tight against each other. 

The supporting effect of the bushes on the shaft, in passing through 
the diaphragm intermediate between the impellers, is very difficult to 
exactly allow for; it may be that the bushes will decrease the deflection 
of the shaft by a material amount, but it must not be assumed for one 
moment that they are bearings of such a nature as lubricated bearings. 
Intermediate bushes can only, in some cases, be considered as water 
lubricated supports which will act as such so long as a certain low 
surface pressure on them is not exceeded; if too great pressure comes 
on, heating takes place on account of the high speed of rotation. The 
effect of wear has also to be taken into account, for the hydraulic pres- 
sures at the two ends of these bushes are different, and there is, there- 
fore, always a flow taking place through them, carrying with it any sedi- 
mentary or foreign cutting matter which may be in the water. The 
state of things causes the supports to wear more or less rapidly so as 
to become almost useless, the pump eventually arriving at a condition 
worse than if a suitable clearance had been allowed at the first. 

_ The author believes that too much use is made of these intermediate 
supports in turbine pumping design. It is found in practice that an 
internal bearing to be successful must have the same water pressure at 


-both ends, and must be properly lubricated with good grease; it then 


gives excellent results. We are thus left with the fact that we are 
practically dependent on the shaft itself for the necessary strength and 
stiffness to allow of fine internal clearance, and the importance of a good 
design which will economically give the minimum deflection of spindle 
at once becomes apparent. 
_ The factors affecting the deflection of a turbine pump spindle are :— 
Static: (a) The weight of spindle and distribution of diameter change; 
(b) the weight and distribution of impellers, balancer, and parts; (c) 
the number .and span of supporting bearings. Dynamic: (d) In the 
dynamic condition, other incalculable forces entering into the account, 
such as centrifugal forces due to the out-of-balance masses, and finally 
certain hydraulic disturbances. j 

(a) Should be as light as possible consistent with the necessary stiff- 
ness; in common practice spindles are practically parallel the whole 
length. (b) Impellers and balancer should be grouped together as closely 
as possible, only allowing sufficient space for the water passages between 
the stages; also, the entire weight should be brought as close to the 
supporting bearings as possible. (c) The span of supporting bearings 
plays such an extremely important part in the durability of the pump; 
in the possibility and preservation of fine clearances; in the whirling of 
the shaft and in the determination of the most economical size of 
spindle, that special notice will be taken of it. (d) A loaded shaft sup- 
ported horizontally between two bearings will “sag,” and when rotated 
must suffer bending at every revolution. Also, there are bound to 
be certain out-of-balance masses in the rotor due to keys, heterogeneous 
composition of material, and the tinavoidable variation in thickness of 
castings, &c. In addition, a shaft has vibrational periods due to its 


‘length and diameter, the whole question of. vibration being intensely 


complicated by the loading and supports. 

In addition to the disturbing factors mentioned above, vibrations are 
set up from the reaction of the impeller vane passing the guide vane. 
It is usual to reduce the intensity of this disturbance by arranging an 
odd number of vanes in the impeller relative to the guide vane, and by 
setting successive impellers on the shaft in such.a way that the point 
of passing vanes is progressive throughout the series, ic, a “lead’’ 
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is given. The resultant of these arrangements is to produce a vibrating 
influence, which may be torsional or combined torsional and- transverse, 
of very high frequency and enfeebled intensity and which, when prop- 
erly carried out, is free from practical disadvantage. The damping effect 
of the water film in neck bushes is appreciable in overcoming slight vibra- 
tions, as is conclusively shown by the different behavior of a spindle — 
when running:a pump dry and when running it filled with water. In 
order for a shaft to oscillate it must force liquid out of one side of a 
neck ring, and the retardation offered by this action has a noticeable 
effect. For this reason, quite apart from the lubricating effect gained, 
it is always a wise precaution to fill‘a pump with water before running 
it, otherwise if the shaft is not a stiff one seizing up will probably occur. 
The remedy for spindle vibration due to any cause whatever is always a 
stiff shaft. 3 

The whole matter of whirling shafts has been examined by several 
investigators, prominent among whom is Professor Dunkerley, but it is 
not proposed to discuss the matter further than to refer to the general 
proportions affecting the critical speeding of whirling. We find that the 
length (/) of span of bearings, and the diameter (d) of the spindle have 
an effect varying as d‘/*. 

Turbine pumps do not usually run at speeds approaching the critical 
speed, but the maximum safe speed for any rotor will bear a direct rela- 
tion to the critical speed, in the sense that it will be an equal factor for 
equal safety. The above relation shows then, that for a fixed critical 
speed a reduction in the span of the bearings results:in a material reduc- 
tion in the necessary shaft diameter. The effect of axial thrust—always 
present in a turbine pump—in lowering the critical speed of a spindle 
should always be borne in mind. 

With a view to considering the effect of the spindle diameter and sp 
of. bearings on the degree of fineness of the running clearances, we will 
consider the extent of the deflections. 

The following arrangements of bearings are possible and are illus- 
trated in Fig. 30:—(a) Two outside bearings; (b) one outside and one 
inside bearing; (c) one outside and two inside bearings. 

A typical example was taken, and it was found, after drawing out the 
different arrangements, that the ratios of the spans of the bearings sup- 
porting the loaded shaft were, for the three cases, 1.86, 1.44, and 1 re- 
spectively, calling the shortest span unity. 

As the deflection of a circular spindle is proportional to P/d‘, the deflec- 
tions themselves for the above spans are ,proportional to 6.5, 3, and 1 
respectively, or, the necessary sizes of spindles to maintain the same 
deflections are proportional to 1.6, 1.3 and 1. These results may be con- 
veniently tabulated :— 


Ratio of spindle 
Cees Ratio of | Ratio of diameter to 
t span. | deflections. | preserve constant 
deflection. 
1) Two outside bearings. Fig. 


306 1.44 Sx 1.3 


2 ne outside and one inside 
bearing. Fig. | 
(3) Two inside bea 
JOC. I. I. I, 
| 


536 NOTES. 


It will be noted that no allowance has been made for the buoyancy 
of the medium—water—in which the rotor revolves. The great im- 
portance of keeping the distance between bearings in a multi-stage tur- 
bine pump as short as possible is abundantly clear from the foregoing, 
for, with the more or less customary type, Case 1, Fig. 30a, with outside 
bearings at each end, it is seen we have a deflection of six and a half 
times that of a pump with two internal bearings. The direct result of 
this extra deflection is that the clearances between the outside of the eye 
of the impellers and the neck ring must be increased to allow of the 
impellers revolving without touching, and this increased clearance neces- 
sarily means a correspondingly increased leakage and loss of efficiency. 
Further, as has been shown, the passage of a large volume of water 
through the running clearance means increased wear, and a tendency to 
push the walls apart, and therefore force the impeller and shaft still 
farther out of the straight, with consequent friction against the adjacent 
neck ring surface. 

Dynamic out-of-balance may—and very probably will—exist even 
though considerable care has been taken in the workshop to overcome it. 
This factor is a very important consideration, and calls for a very 
stiff shaft to resist its possible occurrence, because, if the shaft and 
impellers are thrown out due to this, then further clearance at the neck 
rings is necessary, or abrasion will result. The question of the reactive 
effect of an impeller discharging unequally round its circumference is 
capable of so many variations that the only practical way to overcome 
this also is a mechanical construction that will resist deflection—that is, a 
stiff shaft. 

There is a further disturbing influence which is more active in smaller 
pumps, namely, the effect of the hand-packed and often ill-adjusted 
stuffing box and gland. This detail is always standard for one end of 
the pump, and sometimes found at both suction and delivery ends. Apart 
from the cutting effect of such a packing on the shaft or its sleeve, it 
also, by reason of its compression in screwing up, tends to set the shaft 
out of the true center, and so may intensify many other similar influ- 
ences. The risk of outside bearings, separate or overhung, being slightly 
out of center, must also not be forgotten. For very many reasons, there- 
fore, it is extremely important that the distance between bearings be 
kept as short as possible, and to do this successfully, internal, specially 
designed, large diameter, grease-lubricated bearings are essential. 

Summarizing the effect of a long distance between bearings, we have :— 
(a) Increased deflection of .rotor, (b) increased neck ring clearance, 
(c) increased leakage from delivery to suction, (d) increased wear 
thereby, and (¢) decreased efficiency. 

Turning now to the dimensions of the rotor, the table shows that 
the diameter of the shaft does not increase as fast as the length of span 
increases. However, a very serious increase in size—1.6 times—is en- 
tailed by the increase in span consequent upon changing from two in- 
ternal bearings to two external bearings. Obviously increasing the diam- 
eter of the shaft will give the decreased deflection desired, but then it 
introduces a larger diameter of impeller boss and entrance eye, thus 
bringing about a corresponding drop in efficiency, as well as more leak- 
age, owing to the larger leakage area consequent, upon the increase in 
diameter of the boss and the neck rings. It is clear, therefore, that 
securing the stiffness of a shaft by increasing its diameter is an inefficient 
method, for, besides the increased area for leakage through the neck 
rings, we have much worse conditions of entrance in larger and more 
rapidly-rotating eye and inlet edge of the impeller vanes. The desirable 
condition, therefore, from all points of view is to use the smallest diame- 
ter of shaft with the shortest distance between the bearings. 
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Leakage between Rotor and Stator.—The leakage through the neck 
rings may now be considered under different conditions ‘and clearances. 
The material of these rings is the first important consideration. It is 
obvious that a material should be adopted in the first place of such a 
type that it will not tend to drag or tear if accidentally touched or 
rubbed by the running impeller. Material of a hard, “short” nature, 
like cast iron, will meet this condition, and in practice the smallest clear- 
ance can be successfully run with such neck rings. They are, however, 
subject to corrosion, particularly with acid waters, as are frequently met 
with in mines. 

The impeller, for the reason of susceptibility to corrosion, together with 
considerations of the necessary strength to resist the centrifugal effects 

of high speed, i is usually made from phosphor bronze. We therefore fre- 
quently get in practice phosphor bronze impellers running in* phosphor 
bronze neck rings, though it is obvious that dissimilar metals would be 
preferable. A phosphor bronze impeller with a cast-iron neck ring is a 
better combination, and will run with smaller ,clearances, but to get over 
the corrodibility of the cast iron it should be specially treated, or should 
be similar to that indicated for renewal balancer ring’. 

Soft metals will not run with fine clearances, for, if any rubbing is 
set up temporarily or otherwise, through dynamic out-of-balance, or want 
of alignment from any cause whatever, the metal immediately drags and 
the pump seizes up. The softer the metal the greater the clearance 
necessary. White metal neck rings have been tried, but were for this 
reason a failure. Lignum vite is possible, but owing to its uncertain 
expansion, a liberal clearance allowance must be made. It provides, 
however, a material to meet special conditions—mostly stay bearings in 
vertical shafts. Lignum vite is also frequently used in water turbines, 
tail-shaft bearings for ship’s propellers, &c. 

The form of the neck ring is in practice confined to four forms:—(a) 
Internal, (b) external, (c) vertical, (d) labyrinth—types of which are 
illustrated in Fig. 31. The first is the usual form in turbine pumps, 
the second is more rare, the third is practically restricted to single im- 
peller low-lift centrifugals, while the fourth is a refined form after 
steam turbine practice, and is used in some high-lift pumps. 

Between (a) and (b) there is little to choose, but for manufacturing 
reasons (a) is usually preferred. Clearances of a few thousandths of an 
inch per side can be run with a suitable shaft, and the leakage is very 
slight—less than 1 per cent. (c) The vertical form is used in pumps 
for low lifts, subject to dirty water and inferior attention. It allows of 
downward wear of the impeller without any rubbing surface coming in 
contact, which (a) and (6) would not. (d) is an attempt to reduce 
leakage further by a device of the kind used on the steam turbine. 

For the reason that the labyrinth type deals with a non-expansible fluid 
like water, and not steam, it is far less effective than in the steam tur- 
bine, and, in fact, can only restrict leakage by the formation of eddies 
in the channels or grooves; shock losses at the sudden changes in area 
and direction, and the centrifugal effect of the rotating film of water in 
the narrow aperture. Its possible advantages in this way are more than 
negatived by its fragile nature, if it comes in contact with the impeller, 
such a contingency usually involving the eventual renewal of both parts. 
Types (a) and (b) only require a new neck ring, after wear. All types, 
however, are readily made with loose rubbing rings, which may be 
easily changed. 

In practice it has been found that when grooves were cut on the 
impeller shoulders to secure a labyrinth effect, and at the same time the 
neck rings were left plain, that after running for some time the marks of 
the grooves were always found on the neck rings; the difference be- 
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tween the worn surface and the original surface often being as much as 
ten thousandths of an inch, showing in these cases a deflection of the 
shaft greater than the calculated value. In these particular cases the 
fact that the grooves appeared all round the ring to the same depth 
indicated that they were due to actual deflection, and not faulty. align- 
ment, the reasons for which may be found in the causes already enumer- 
ated and in mechanical inaccuracies. When interlocking grooves are 
-used the difficulties of erection and dismantling are increased, unless the 
interlocking is in the plane at right angles to the axis of the pump. 
Any other arrangement is, of course, only possible with horizontally 
split pumps or with split or divided neck rings. Seek 


V.—THE BED AND OTHER DETAILS. 

In the past less importance has been placed in the effect of the bed 
plate than is now the case, with the result that-frequently very shallow 
depths were used. These early beds were much too weak to resist 
warping strains, due either to the unevenness of the foundation sur- 
face, the “pull” of holding-down bolts, or to the reaction of the torque 
from the motor end. It was a common practice to design bed plates in 
the form of two separate horns or branches, and in this case deeper 
sections were generally employed. This form of design, while undoubt- 
edly stronger against bending, depends too much upon the skill of the 
— erector and the solidity of the foundation to always give good 
results. 

It must be obvious that if fine internal clearances, such as have been 
dealt with, are an advantage, then the common base for the lot—the 
bed plate—must be of a nature to ensure the clearance remaining con- 
centric, and also to maintain true alignment with the operating motor. 
For these reasons deeper sections than are usual are an advantage. 
With the “ring type” of casing the bed plate plays a more important 
part than with the “cylindrical” type on account of the lesser intrinsic 
_Tigidity of the contiguous type, and the greater necessity for a plane 
true surface in erecting. Hence the importance of deeper sections be- 
comes more pronounced still. It is now customary to have supporting 
feet on each “ring” of a multi-chamber pump, probably more for the 
convenience of re-erection in awkward situations than for any necessity 
for actual support. Chambers, when dismantling or re-erecting, require 
to be slipped along the spindle and bed, and for this reason it is usual 
to machine the latter for its full length. An example of substantial base- 
plate provision for a “cylindrical” casing is shown in Fig. 32, and a 
bed as recommended for a “ring” casing pump is shown diagrammatically 
in Fig. 33. In cases where there is a heavy torque from the driving 
— diagonal .ribs, as shown, are most valuable in resisting twist on the 


Bearings—The almost “standard” speed of 1,450 revolutions per min- 
ute for operation of turbine pumps does not require water-cooled bear- 
ings. For outside bearings good design oil-ring lubricated type, as 
shown in Fig. 34, are used, a recommended feature being the provision 
of a thrower or guard to prevent water from a leaking gland entering the 
oil well and washing out the oil. As has already been stated, to keep 
the distance between shaft supports as short as possible involves the 
use of internal grease-lubricated bearings, typical designs of which are 
shown in Fig. 35. This type of bearing, when carefully designed, can 
be made to operate very satisfactorily in practice, despite a contrary 
view held for some time by some constructors. The important point of 
_ arranging for similar hydraulic pressures at each end of an internal 
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grease-lubricated bearing, so as to prevent any risk of flow through the 
bearing surfaces, must be rigidly followed for best results. The charging 
and supplying of grease to internal bearings requires proper lubricators. 
The ordinary “Stauffer” is unsuitable, though generally a hand-operated 
appliance of simple design—such as Fig. 36—meets the case.. A long 
trumpet-shaped entrance is essential in order to force against the high 
pressure due to the head of water against which the pump is working. 
The selection of a good quality grease lubricant, suitable for operating 
= water, plays an important part in the satisfactory lubrication of a 
aring. 

Stuffing boxes.—It is doubtful if we can accept the customary stuffing 
box and gland as good and satisfactory practice. The functions of this 
detail are, on the suction and vacuum end, to prevent air leakage into 
the pump, and, on the delivery end, to prevent pressure leakage from 
the pump. The action of “packing” on rapidly-rotating shafts is so 
severe as to demand the omission of a stuffing box wherever possible. 
On the delivery end of a pump it is easy to avoid a gland, either by 
closing in the spindle—Figs. 3, 23, and 25—or by so reducing the pressure 
in passing through a hydraulic balancer that there is no pressure against 
which to pack—Figs. 4, 12, and 18. Some constructors have done with- 
out stuffing boxes at both ends of the pump for some time, and they 
generally rely on pressure water from the pump itself supplying the 
necessary packing to prevent access of air to the suction inlet. The 
possibility of difficulty in starting up a pump before the water packing is 
available should be carefully: considered when this method is adopted. 

Suggestions for the substitution of a special form of grease-lubricated 
gland bearing, without any packing in contact with the rotating spindle, 
are shown in Fig. 37. Though these bearings are not arranged with end 
pressure in equilibrium, there is no tendency for water to pass over the 
bearing surfaces, as leakage will take place from the water-sealing ring 
to the reduced pressure of the suction inlet—‘‘ The Engineer.” 


THE DETERIORATION OF TURBINE BLADING.* 
We reproduce below a highly important and extremely interested paper 


‘read before the South African Institution of Engineers by Mr. A. Fen- 


wick. The paper describes various mishaps to the turbines at the power 
stations of the Rand power companies. The following particulars of the 
plant are taken from Garcke’s “ Manual of Electrical Undertakings” : 


Station. Plant. Maker. 
Kw. turbo-alternators. 

Rosherville ......... 59600 .......... 


In the discussion which followed the reading of the paper Mr. -Ber- 


nard Price, the chief engineer to the power companies, stated that the 
defects enumerated in the author’s paper had resulted in very heavy 
maintenance charges. 

It is perhaps unnecessary to add that the extraordinary failures enu- 
merated are not inherent in the impulse type of turbine, in which, as with 
others, excessive wear is merely the penalty for the use of improper 
materials or designs. 

The text of Mr. Fenwick’s paper is as follows: 


* The original illustrations as they appeared in ‘‘ Engineering’ have been reduced about 
one-fourth. 
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THE DETERIORATION OF TURBINE BLADING. 


Introduction.—The object of this paper is to place on record the be- 
havior of certain materials used in turbine blading. The information 
and data given below summarize the experience gained during the past 
six years in operating and maintaining the turbine plant of the Rand 
power companies (V.F. and T.P. Company, Limited, and R.M.P.S. Com- 
pany, Limited). 

All necessary particulars regarding the design of this plant have been 
included, and it is hoped that the publication of this experience will be 
of value to other power companies and: to manufacturing firms, and 
that the discussion on this paper will serve to further elucidate problems 
connected with turbine blading.. 


PARTICULARS OF TURBINES INSTALLED. 


Reference will be made to various turbines, which, although operating 
on the same principle, differ in design. Table 1 gives particulars of the 
plant dealt with. 

Fig. 1, page 542 shows the turbo shaft with wheels assembled, the inlet 
nozzle, stationary segment, and a portion of each guide-blade diaphragm 
in position for the turbines under Class 4. 

In all classes the steam passes through the inlet nozzles and impinges 
on the first row of Curtis moving blades. These nozzles are of cast 
iron, and are made in sections containing five to eight ports; one sec- 
tion only is used for turbines under Classes 1, 3, 6 and 7, two sections 
for Classes 2 and 4, and three sections for Class 5. In each case the 
nozzles are opposite to a portion only of the wheel blading, the length 
of arc varying from approximately one-sixth to one-third of the whole 
‘circumference, so that the admission is partial. After passing through 
the first row of Curtis moving blades the steam passes through a row 
of stationary blades fixed to a steel segment, which is bolted to the 
turbine casing. This Curtis stationary segment also embraces a portion 
only of the wheel circumference, the arc being slightly longer than that 
covered by the inlet nozzles. The stationary segment blades are some- 
what similar in size and shape to the Curtis moving blades, and direct . 
the steam to each successive row of blades in the Curtis wheel, so that 
there is one row of blades less in the segment than there are rows in 
the Curtis wheel. After leaving the last row of Curtis wheel blades the 
steam discharges into the casing in which the Curtis wheel revolves, the 
pressure in this casing varying from two to six atmospheres, according 
to the type of machine and the load which it is carrying. 

The Curtis casing is a closed compartment separated from the Rateau 
portion by a cast-iron diaphragm; on the outer periphery of this dia- 
phragm is a ring of guide blades forming nozzles, which convert the 
steam pressure into velocity and. give the steam the correct angle for 
impinging on the moving blades. The admission in this case is com- 
plete, the nozzles extending round the entire circumference of the dia- 
phragm. The first ring of guide blades directs the steam from the 
Curtis casing on to the first Rateau wheel, or, as it is termed in this 
paper, the second stage wheel. This process is continued throughout the 
turbine, so that each wheel is in its own cell or compartment and 
divided from the next by a cast-iron diaphragm and ring of guide blades. 

Two main types of guide blading are in use; the first—termed a guide- 
blade ring—consists of an inner and outer retaining ring cast round the- 
blades. Fig. 2 shows one of these rings, which was made locally; the 
outer portion fits into the turbine casing, and the inner portion supports 
p cast-iron undivided diaphragm which partitions off one stage from the 
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next. This type is:in use on turbines Class 1 and 2. The guide ring is 
in two halves, which butt together at the horizontal joint of the turbine 
casing. 

In the second type the diaphragm forms an integral part with the 
retaining rings, the complete diaphragm being cast in two halves, one 
of which is shown in Fig. 3.- To avoid confusion this is called a guide- 
blade diaphragm, and is used on turbines under Classes 3, 4 and 5. This 
paper does not deal with the merits of either type; where failure of the 
blades occur, however, the results are usually totally different, and this 
matter will be referred to later. ~~ 

In the case of the 9,600-kw.. turbines (Class 2), the diaphragms are 
undivided and have to be lifted into, or removed from, the turbine casing 
with the rotor. These diaphragms rest on the lower half of each guide 
ring, the rings being bolted to “the turbine casing; the upper portion of 
the turbine casing carries the other halves of the guide rings, and a_ 
tongue on the latter fits into a corresponding groove in the diaphragm 
to prevent lateral movement. The weight of this turbine rotor complete 
is 26 tons. 


TABLE II.---SHOWING VaRIous METALS IN USE FOR BLADING. 


Mark. Material. Class of turbine. | Wheel or guide blades. 
A | 4 per cent. nickel steel. | 2 and 3............... Guide. 
B_ | Siemens-Martin steel..... 2, 3, 4 and 5......., Guide. 
C | § percent. nickel steel...) 2, 3, 4 and 5.......; Guide. 
AI | 3 per cent. nickel steel...) ..| Guide. « 
H_ | Medium carbon steel..... 2, 4and Guide. 
J | 30per cent. to 32 per | I, 2, 3, 4 and 5... Guide. 
cent. nickel steel. 
K | 25 percent. nickel steel..) 3...........0s00ce000 .| Wheel and Curtis seg- 
ment. 
P | 5 per cent. nickel steel.| All classes.......... Wheel and. Curtis sta- 
tionary segment. 
L | Aluminum bronze......:../ 1, 2, 3, 4,.5 and | Wheel and Curtis sta- 
6. tionary ent. 
M | Brass.. All classes......... Wheel and Curtis sta- 
tionary segment. 
N_ | Nickel brass................. 3 Wheel. 
O | Monel metal................. 3 Rida odes Wheel and Curtis sta- 
tionary segment. 


therefore, in the experimental stage. Tables III and IV give the 
of steels and non-ferrous alloys in use. 


MATERIALS USED. 


Table II shows the metals in present use on the various turbines. 
Some of these metals have been in use for a few months only, and are, 


in use for wheel blading. 
Referring to Table-II, it will be seen that materials A, B, C, Al, H and 


J are used for guide blading only. Of these, A, B, 


analyses 


Table V shows the materials 


C and A1 have been 


used recently for locally manufactured guide blading, and have only been 
in commission for a few months; information as to their suitability 
for this particular purpose is therefore not available. The analyses given 
are of plates from which the blades are made. 
Material H, as far as the author is aware, is 
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only in use on turbines 
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under Classes 4 and 5, and on one turbine only, under Class 2 (No. 4, 


Rosherville). 
Material J is the steel principally used for guide blading, and occurs in 
some stages on every one of the turbines dealt with, excepting the 
auxiliary turbines, Classes 6 and 7, which have no guide blading. 
turbines Classes 1, 2 and 3 it has been used exclusively, with the excep- — 
tion of No. 4, Rosherville. 


Taste or Non-FERRovs Auors Use (Usep ror WaeeL Onty). 


Tensile 
Mark.| Cu. | Al Fe. Za. Po. | Ni of Tous por Sa. Remarks. 
L 89.00 8.5 2.5 - — | 44actual blade..| 7.73 | Aluminium brenze.—Very 
unsatisfactory in high tem- 
M | 72.50 _ 0.01 | 27.48 | Trace —_ ~ 8.58 | Brass. well. 
N 50.00 _ 0.6 39.4 _- 10.00 | 37 actual blade..| 8.43 Nickel brass.—Experimental 
30.00 | 1.50 68.50 Monel metal.—Experimental 
TaBLE V.—Marertats Usep rok BLaDING oF ALL TURBINES. 
i Curtis Stage. Rateau Stages. 
Class of Turpine. Remarks. 
1,2 3. 4 2. 3. 4. 5. 6. 7. 8. 9 10. 11. 12. 13, : 
1+3,000-kw. — — — Sets 5 and 6 Simmer Pan stages 1 to 4 are 
. bladed with P steel. 
2-9,600-kw. t‘PL—/;PPPPMMMMELEELEEL 2 is not fitted on sete3 and 4, Vereeniging, 
y no deterioration on these stages. are rated at 12,000 kw. These two 
Maximum running hours, 30,673. sets are bladed with P steel 
: tow Curtis stage. 
t L bronze now replaced with P steel on all 
4-12,000-kw.— for ond 6 
Simmer Pan .|P P —— MMMMMLLPPP— Brakpan sets, and M brass for 
Brakpen |PP—— |PPPMMM™MLLP PP — Simmer Pan sets. 
5-10,000-h.p. ..)P P —— |MML P#————— — — — | ¢ There are two wheels in parallel for stage 5, 
Ps oe both bladed with P steel. 
6-300-h.p.— 
RE 
eree! 
71-5500 
Vereeniging ..|P MM M 


P = 5 per cent. nickel steel. L © Aluminium bronze. M = brass. 


Analyses of the steel plate from which the blades H and J were 
manufactured are not available, but several analyses of blades in both 
good and bad condition have been carried out, showing the J steel to 
contain approximately 30 per cent. to 32 per cent. nickel. All discarded 
blades have not been analyzed, neither have all those at present in com- 
mission; blades containing no nickel, however, have the distinguishing 
mark H, and this has only been found on certain stages in generator 
turbine No. 4, Rosherville, and turbines Classes 4 and 5. 

For wheel blading P, L and M are in general use, and ample evidence 
of the behavior of these alloys is to hand. N and O have been used 
quite recently for wheel and stationary segment blading, but sufficient 
time has not elapsed to form an opinion of their suitability for this 


WHEEL BLADING. 


. ‘An examination of these machines. shows a variation of. some thou- 
sands of running hours in the life of blades of. similar material and 


position in the turbine, and the life here represents the running period 
up to the time reblading was carried out; in some cases the blades could 
safely have been run for a longer period, but, owing perhaps to a com- 
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plete dismantling of the set or extensive repairs to later stages, it has 
been advisable to reblade. In other cases, owing to difficulties in taking 
the ‘set out of commission, blades have run much longer than’ they 
should have done, considering the safety of the machine. = 

It will be noticed that in some cases, where the wheel and guide blad- 
ing have not been renewed, the running hours differ for the same 
turbine. This is explained by -the fact that the complete turbo drum 
was removed for repairs, a spare drum taking its place. 

3,000-kw. Turbines, Class 1—Dealing first with the Curtis stage, and 
the first three low-pressure stages, two materials have been tried, viz., 
aluminum bronze (L) and 5 per cent. nickel steel (P), and the supe- 
riority of the latter is apparent. No particular trouble has been ex- | 
perienced from corrosion of the steel, although if the machine is standing 
any length of time the blades become rusty, which, however, soon wears 
off with use. Sets 5 and 6, Simmer Pan, were fitted with steel blades, 
and have been running: for six years. In neither case has failure occurred, 
the running hours up to December 31, 1916, being 39,119 and 39,298 
respectively. 

The aluminum bronze blades have a very different record, and are 
quite unsuitable for this part of the turbine. The aluminum content 
disappears from the surface of the metal, leaving a very brittle layer of 
copper; where the section of metal is thin, as at the inlet and dis- 
charge edge of the blades, it breaks away like glass with light tapping. 
With continued use the outer layer cracks and flakes off, exposing the 
part underneath, which in turn flakes off until the blade is split up into 
several layers. Where the section of the blade is fairly heavy, as in the 
Curtis stage, the shape is gradually lost, but the body of the blade 
remains sound and seldom fails. What usually happens is, the portion 
which is riveted over to secure the shrouding chips off, allowing the 
latter to come adrift. 

Figs. 4 and 5 (specimen 6/13) show a good example of this deteriora- 
tion, and are from the first row of Curtis moving blades, after being in 
commission for about 24,000 hours. The flaking of the metal referred © 
to is very much in evidence, and the rivet heads in this sample are 
particularly bad, having practically disappeared. 

Fig. 6 (specimen 7/13) is from the second row of Curtis blades on 
the same machine; the deterioration is similar, but ‘not so far advanced; 
the running hours are the same. The running time before reblading was 
carried out varied considerably, ‘but an average has been taken for the 
Hal = four stages on sets 1 to 4, Simmer Pan, and works out at 26,700 

ours. 

The Curtis blades have a shorter life than the later stages, and this 
is no doubt due to’ the higher temperature in the Curtis casing. After 
leaving stage 4 the deterioration takes a different form, erosion or pitting 
of the back or convex portion of the blade being usual. The inlet and 
discharge edges of the blades also become very thin and holed, and are 
easily broken off. Fig. 7 (specimens 13, 10, 11, 12/13) shows typical 
examples. The blades are from stages 5, 6, 7 and 8 respectively, on No. 5 
set, Simmer Pan, and in this case ran for 33,665 hours before being 
renewed. While a certain amount of erosion has taken place, due to 
minute particles of matter passing through with the steam and a certain 
amount of moisture in the latter, the pitting looks as though chemical 
action had taken place, and may be due to certain impurities in the 


steam becoming active in the presence of moisture. -It is curious that 


the action should be confined ‘to “these stages, as the two following 
stages (9 and 10), also of aluminum bronze, do not suffer.: The four 
examples here shown would undoubtedly have lasted several thousands 
of hours longer before actual failure occurred. It: was thought ‘possible, 
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BRASS.—MAGNIFIED 60 
TIMES. 
COMPOSITION :—Cu 72.50, Fe 0.01, 


Zn 27.48, Pb Trace; Specific 
Gravity 8.58. 


ALUMINUM BRONZE. 
MAGNIFIED 60 TIMES. 


COMPOSITION :—Cu 89.00, 
Fe 2.5, Al 8.5; Specific 
Gravity 7.73. 


“H”’ STEEL. MAGNIFIED 
100 TIMES. 


COMPOSITION :—C 0.350, P 0.030, 
S 0.040, Si 0.200, Mn 0,5, 
Fe 98.880. 
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however, that the roughness of the blades would detract from the effi- 
ciency of the set. After reblading, careful tests showed that no appre- 
ciable improvement had been made in steam consumption. The last two 
stages stand up well, the present running hours varying from 39,000 to 
46,500 on the first four sets at Simmer Pan, and up to 52,000 on one of 
the two sets at Brakpan, which is in each case the total running’ time 
of the machine. In no case have these stages had to be renewed owing 
to deterioration, although the edges are naturally worn somewhat, and 
in many cases have suffered mechanical damage by fouling broken pieces 
of guide blading, and had to be restraightened. . 

Our present practice is to fit the first four stages with 5 per cent. nickel 
steel blades, stages 5 to 8 with brass blades, and the last two stages 
with aluminum bronze. Brass has not been in commission long enough 
on these particular sets to show whether it will prove more satisfactory. 
than the bronze, though, judging by experience obtained on other types 
of machines, it is highly probable. It may also be found that brass 
would do equally as well as bronze-in the last two stages, and, personally, 
the author is of opinion that 5 per cent. nickel steel for the first eight 
stages. and. aluminum bronze for. the last two would prove very durable 
and give good results. gs 4 

96,000-kw. Turbines, Class 2—The blading has, with two exceptions, 
proved satisfactory up to the present, and Table V, giving particulars of 
wheel blading, shows the material originally used. The maximum run- 
ning -hours for the set which has been longest in commission are 30,673 
to December 31st, 1916, with the exception of row 3, Curtis stage, the- 
running hours: of .which. vary from 15,000 to 23,490. The other turbines 
under this class have at present run less than 30,000 hours, the time 
varying with the dates of installation. With the exception of row 3, 
Curtis stage, and stage 13, referred to later, none of the blading has 
been renewed unless damaged mechanically and shows no visible deteriora- 
tion of the metal; on the first row of Curtis blades the entrance éd; 
is worn slightly concave, not sufficient, however, to warrant renewal. 
the non-ferrous stages the deposit which collects under the blade shroud- 
ing has been found to contain copper, showing that a certain amount 
of erosion has occurred; this, however, is not visible on the blades 
themselves. 

On row 3 (Curtis) the aluminum bronze proved distinctly unsatis- 
factory, and became so brittle that in some cases the blades broke away 
from the wheel, and in all cases the edges were so brittle within the 
running hours above mentioned that pieces could be knocked out with 
a slight tap. The bronze in this row has since been changed for steel, 
with satisfactory results. On sets 3 and 4, Vereeniging, steel was used 
from the first, and has run 25,000 hours, being at present in excellent 
condition. 

Fig. 8 (specimens, 5, 6/15) shows good examples of aluminum bronze 
blades from row 3 (Curtis) from two different turbines; the blades. 
were renewed after 15,000 and 18,000 hours respectively. 

The brass blades in stages 6 to 9 are in excellent condition from a 
deterioration point .of view; but in several cases have been severely dam- 
_ aged mechanically from various causes, and successfully straightened up. 
_ The aluminum bronze blades in stages 10, 11 and 12 have proved. satis- 
factory, but in stage 13 breakages of the blades have occurred The blades 
are secured to the wheel by a: tee-headed root, and fracture frequently 
occurs across the neck of the tee. The weight of the complete blade 
is 9 ounces, and the mean velocity 327 feet per second, at a radius of 3.1 
feet... The stress is,. therefore, not excessive, being 601 pounds, which, 
taken. over an area of .0.1 square inch, equals. approximately 3 tons per 
square inch. It is very probable that vibration of the blade is largely 
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responsible for the failure. A tensile test was carried out at the Gov- 
ernment laboratory on a new blade, and on one of the broken ones, 
showing the new material to stand 44.9 tons and the old 29.8 tons per 
square inch before fracture. It would seem, therefore, that the material 
has lost a good deal of its original strength, although there is very 
little difference in outward appearance. In some cases the blades have 
fractured about 11%4 inches above the rim of the wheel, ie., just above 
the distance piece. 

Fig. 9 shows one of these blades after removal from the wheel, the 
crack across the blade being clearly visible. Some of these blades (stage 
13) have run from 20,000 to 30,000 hours, and are still sound. Breakage 
occurred in three cases after 24,900 hours, 23,800 hours, and 10,600 hours 
respectively. It should be noted that erosion of the inlet edge of the 
blades in the later stages, due to wet steam, is almost invariably absent 
on the turbines just described; one or two isolated cases are on record, 
but are very slight. 

4,000-H.P. Compressor Turbines, Class 3—It will be noticed that 25 
per cent. nickel steel has been used for row 1 of the Curtis stage; this, 
however, is an isolated case, as far as the author is aware, for moving 
blades on these turbines, although this material is in use for Curtis sta- 
tionary blading. A peculiarity of this steel is its non-magnetic property. 

In this particular case failure occurred after running for 17,700 hours, 
although in outward appearance the metal appears to be quite good. 
Specimen 7/11 showed one of these blades considerably battered; cracks 
were noticed near the root of the blade, showing the brittle nature of 
the material. An examination of the turbine after breakdown occurred 
showed the inlet nozzles to be intact, and although it is possible that some 
foreign matter may have passed through the nozzles and fouled the blades, 
it is improbable, and it may be concluded that these particular blades 
broke owing to brittleness of the metal acquired by use with high tem- 
perature steam and vibration. 

Five per cent. nickel steel in'use on the other sets for row 1 has given 
satisfaction up to the present, but the running. hours to date are much 
less than the generator turbines previously referred to, 15,600 hours being 
the maximum. ~ 

In the second row of Curtis blades two materials have also been tried, 
namely, aluminum bronze (L) and 5 per cent. nickel steel (P). The 
former proved quite unsuitable in all cases, and has now been replaced 
by 5 per cent. nickel steel. The 5 per cent. nickel steel now in use for 
row 2 has so far proved satisfactory, but has only been tested for 11,500 
running hours. 

The aluminum bronze blades in stages 2, 3 and 4 have a similar record 
to those referred to above, and Fig. 10 (specimens 1/11 and 3/11) shows 
good examples from the second and fourth stages after 10,500 running 
hours. They certainly look as though the inside of the turbine was no 
place for them, although, judging by the quality of the metal in the 
heavy part of. the blade, there is no doubt they would continue to do 
their work inefficiently for quite a long time. These three stages have 
now been replaced by brass, and although sufficient time has not elapsed. 
to say that this material applied to these stages is satisfactory, examina- 
tion ‘after 11,000 hours does not show any deterioration, and it will cer- 
tainly prove to be much more suitable than the aluminum bronze. The 
metal is quite soft and pliable, and the thin edges stand up remarkably 
well.to the steam temperature. 

In. stage 5 aluminum bronze is again used, and also stands well. In 
no case has this stage been renewed owing to deterioration, the maximum 
running hours being 18,000 odd. The temperature is fairly low at this 
part of the machine, and this doubtless accounts’ for the longer life. 
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Although corrosion of the metal has’ not occurred, a good deal of wear 
has taken place, the edges of the blades being now very thin and fragile; 
this, however, is fair wear and tear, and cannot be avoided unless a 
much harder material is used. 

“Aluminum bronze was°also tried in the sixth stage, but was unsuitable 
for mechanical reasons. After being in use from, 5,000 to 7,000 hours the 
blades broke near the root just above the distance pieces, and it is ex- 
tremely probable that vibration was the cause. Five per cent. nickel steel 
was then tried, but fractured in the same manner. Ultimately a 5 per 
cent. nickel steel blade was used with a reinforced root, which gave 
somewhat better results; the latter blades are, however, not free from 
‘breakage, and a material is required which is not so easily affected by 
vibration. ‘“ Monel’ metal is also being given a trial, but has not run 
long enough to form an opinion as to its merits. Nickel brass (N) is 
also being experimented with for stage 5; this alloy has less tensile 
strength than aluminum bronze, being in the neighborhood of 36 tons 
per square inch. It may, however, possess other valuable properties 
which will render it useful for turbine work. The steel blades for stage 
6, just referred to, show a small amount of erosion on the inlet edge _ 
the blades after 6,000 hours. 

Turbines, Classes 4 and 5.—These turbines eave’: not been in com- 
mission for more than two years; the information therefore covers a 
much shorter period than on those previously described. Three metals 
are in use, 5 per cent. nickel steel, brass and bronze, arranged in the 
order given, starting from the H.P. end of the turbine. Steel is also 
used for the’ last three wheels in one case, and for the last two wheels 
in the other case, at the exhaust end. The metals appear to be in the 
correct position for the best results, and up to the present no trouble 
has been experienced. 

One pdint should; however, be mentioned—erosion of the inlet edge 
of the steel blades at the exhaust end of the machine is noticeable in all 
cases after 5,000 to 6,000 running hours; in the case of the compressor 
turbines (Class 5) running at 3,000 r.p.m., with a blade velocity of 720 
feet per second, the erosion is very pronounced, the edge of the blade 
being like a fine saw. An actual blade is not available, but the photos, 
Figs. 11 and 12, show this fairly clearly. 

The above covers the whole of the main turbines installed. A short 
reference will now be made to two types of auxiliary turbines used for 
driving condensing sets. - 

Auxiliary. Turbines, Class 6.—These’ turbines have a Curtis wheel 
only, with four rows of blades, and no low-pressure or Rateau wheels. 

There are 15 turbines of this class in use, and in the earlier sets in- 
stalled at. Rosherville the first two rows of blades were of 5 per cent. 
nickel steel, which has given good results, and the last two rows were of 
aluminum bronze, the use of which for ‘these small turbines, where the 
blade section is small, proved disastrous. 

Corrosion was well advanced after 8,000 hours, and the blades fre- 
quently disappeared from the wheel after from 12,000 to 16,000 hours, 
usually at some inopportune moment, causing a good deal of incon- 
venience. Fig. 13 (specimens 2 and 4/9) shows typical examples of 
these blades, which would hardly be recognized as such after 15,000 
hours and 18,000 hours respectively, 

On the later sets installed at Vereeniging brass has been used for the 
last two years, and in one instance for the second row, and this material 
ta given good results, being in good condition after 26,000 running 

ours. 

-Ausiliary, Pump Turbines, Class 7.—This type of auxiliary has also a 
single Curtis wheel, but is ‘somewhat larger than the previous one, and 
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is direct-coupled to a vertical pump for supplying condenser cooling 
water. Six of these are installed, and in no case has the blade material 
shown deterioration, both steel and brass being in excellent condition 
after a maximum running period of 26,000 hours. - 

General—From the foregoing remarks it is perfectly ‘clear that alumi- 
num bronze for use as a blade material in the high-temperature. stages 
of.a turbine is totally unsuitable; it cannot be wholly condemned, how- 
ever, as excellent results have been obtained when used in the low-tem- 
perature stages, and while brass might do as. well in this position, one 
would not expect as long a life from brass owing: to the soft nature of 
the material, the bronze being much harder and naturally-more able to 
stand up to fair wear and tear. 

The aluminum bronze in use is, as far as we are aware, of uniform 
composition. A few samples have been tested and the analysis is given 
in Table IV. A photomicrograph of the metal polished and etched is 
shown, in Fig. 14. The specimen has been prepared from a new blade 
cut across at right angles to the length. 

Five per cent. nickel steel has so far given good: service where used, 
and, as previously mentioned, in some:of the later turbines has been. put. 
into the last two wheels at the exhaust end. Examination shows that a 
good deal of wet steam or water erosion is taking place in some cases, 
particularly on the steam inlet edge of the blade. 

As our experience does not extend beyond 10,000 hours on these new 
sets, we are somewhat in the dark as to the future .behavior of the 
steel blades in these low-temperature stages, but for the early stages up 
to, say, stage 5 or 6, there is no doubt that 5 per cent. nickel. steel is an 
excellent material. The brass in use. stands the temperature well, and 
in several cases has replaced aluminum bronze, with satistantory results 
up to the present. 

Our experience. with brass blades .covers..a maximum period ol just 
over 30,000 running hours, and i in no case, so far, has renewal been neces- 
sary owing to deterioration. It is possible that this material will outlast 
the steel, as a certain amount of oxidation of the latter is bound to 
occur. A photomicrograph of the brass in use is shown in Fig. 14, the 
specimen being prepared in a similar manner to the aluminum bronze. 


STATIONARY BLADING. 


Inlet Nozzles —Commencing first with the inlet nozzles, these are of 
cast iron on all the turbines dealt with. Fig. 15 shows the upper section 
of inlet nozzles for one of the 9,600-kw. Rosherville sets. This section 
is bolted to the face of the nozzle box and registers with eight ports of 
circular section leading from the latter. The lower section, containing — 
six ports, is bolted to. the nozzle box immediately below the upper sec- 
tion. In the nozzle casting the port section gradually changes, and 
becomes rectangular where the steam leaves the nozzle and impinges on 
the moving blades. The separate nozzles or ports are divided from each 


_ other by a thin wall of cast iron, varying from 3 mm. in thickness on 


the discharge side, and increasing in thickness as the nozzle assumes the 
circular section at the inlet side. Fig. 16 shows one of these nozzle sec- | 
tions cut down the center. 

As supplied by the makers these nozzles are not at all satisfactory, 
the dividing pieces or vanes crack badly, and frequently large pieces 
break .out and pass through the turbine; this sometimes occurs after a 
few thousand running: hours, and has been the cause of much anxiety 

and frequent examination. Usually, beyond slight bruising of the blades, 
little damage is done, but there is always the possibility of serious injury 
to the blading, and it is. highly probable this was the cause of a partial 
strip on one of the sets. It is not an easy matter to locate the’ cause of 
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many’ blading troubles, as a piece of metal will frequently pass through 
several stages and leave very little trace before becoming finally jammed 
about the center or towards the exhaust end of the machine. 

_ Fig. 17 shows the appearance of a set of nozzles from one of the 
Rosherville 9,600-kw. sets after being in: use for 3,000 hours. . Every vane 
is cracked or broken, but if pieces. were’ knocked out of the two upper | 
vanes, which are apparently sound, and loose portions chipped clear, the 
nozzles which would be: perfectly. safe for running purposes. The two 
vertical marks seen in the whole vanes are not cracks, but saw cuts, and 
were put in to prevent the damage referred to, but very little improve- 
ment, if any, was effected. The photo is hardly representative of the 
condition of inlet nozzles after a running period of 3,000 hours; usually 
two or three vanes only in each section have pieces broken off after that 
running period. 

One would naturally think that with a nozzle damaged in this way a 
considerable falling off in efficiency would result; this, however, was 
not noticed, and led to a test being carried out with a particularly bad 
set of nozzles. The result of this test showed that the turbine was as 
efficient as if nozzles in good condition had been used; it was obviously 
- sound practice, therefore, to remove that part which’ invariably broke 
away.: A V-shaped portion was accordingly cut out before fitting the 
nozzle to the machine. Fig. 18 shows the idea, which has: been. carried 
out on all the main turbines, since when we have been practically free 
from breakage of nozzle vanes. . 

A good deal of: bulging and distortion still takes place, due to the 
expansion and permanent growth of the cast-iron; cracks also develop 
frequently at the apex of the V, but the vane adheres to the nozzle 
checks and usually doés not break off, as was formerly the case. Cast 
iron is far from being the best material for inlet nozzles, but it is no 
doubt- very much cheaper: in the first place than anything else, and for 
this reason should receive some consideration before being discarded. A 
further experiment has been tried; namely, steel blades, forged from 
mild steel bar to the same shape as the cast-iron vane and cast into an 
iron body. The analysis of the steel is not known, but the bar is of 
ordinary commercial quality. This nozzle was made locally, and has 
been running on one of our large (9,600-kw., Rosherville) turbines for 
over 3,000 hours. When last examined it was in excellent condition—in 
fact as good as the day it was first put into commission, and should fur- 
ther use fail to disclose defects in this type of construction, the idea is 
well worth adopting. There are no thin pieces of cast iron to break 
off, and although a V-shaped portion is cut out of the vanes in the 
cast-iron nozzles previously: described, and additional safety is thereby 
attained, there is still the chance that a piece of the remaining portion 
of the vane may break away: and do a lot of damage. There are two 
exceptions to the general rule of cast-iron nozzles on the -plant installed 
at the power stations—one on a small compressor turbine built by 
Pokorny and Wittekind, in which the nozzles are neatly carved out of a 
steel block, and the other on a condensing-set turbine built W. -H. 
Allen and Co., the nozzle in this case being of steel, machined and in- 
- gerted in a cast-steel body. These two turbines are not dealt with in this 
paper: In both cases the result leaves nothing to be desired, and this 
metal is probably as suitable as any at present in use by turbine builders, 
Bronze castings have been used by some manufacturers,* but the author 
is not aware of the composition. Brass would probably be too soft. 
Monel metal might prove suitable if it would stand the high temperature 
and give a good, clean casting. Steel castings would be difficult to make 


*“ Design and Construction of Steam Turbines,” Martin, p. 231. 
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on account of the thin dividing pieces, and it is doubtful whether a 
sound, smooth casting could be produced. 

Curtis Stationary Segments—Four metals have been used ie the blad- 
ing of Curtis stationary segments, and details of the results when fitted 
with the various classes of turbines are given below. — 

1. Aluminum Bronze (L,).—This metal was originally ‘ied on devbines 
Classes 1 and 6, and proved totally unsuitable; the metal disintegrates 
rapidly owing to temperature, in a similar manner to the wheel blading 
previously described. 

2. 25 per cent. Nickel Steel (K).—This metal has also been used on tur- 
bines Class 1, and stands up well for a time, but becomes brittle with use. 
One failure has occurred, the blade breaking at the narrow part of the 
neck where fixed to the segment. In the case referred to failure occurred 
after 33,000 hours. K _ steel has also been used for the first row of 
blades on the stationary segments of the auxiliary turbines, Class 6, 
and one case is on record where the blades failed by breaking at the 
root after 15,000 hours. 

3. 5 per cent. Nickel Steel (P).—This material is now used exclusively 
for all main turbine stationary segment blading, and stands:up very 
well. In some cases renewal has been necessary owing to wear, the 
inlet edge particularly becoming concave, and both edges very thin and 
easily broken. Where more than one row of stationary blades is used, 
as on turbines Class 2, it is the first row which suffers, but this row does 
not require reblading under 20,000 hours. The second row ‘has not, so 
far, been rebladed, the maximum running hours being 30,678. In the 
auxiliary turbines, ‘Classes 6 and 7, P steel is nearly always used in the 
first row, and frequently i in the second. 

4. Brass (M).—Brass is sometimes used for the second row of: the 
auxiliary turbines, Classes 6 and 7, and, under present practice, always 
for the third row. It stands well, the maximum hours in use so far 
being 30,673. 

It will be seen from the above that the metals used for Curtis: votasionines 
— behave in the same manner as when used for Curtis wheel 

lading 

Guide Blading.—In introducing the subject of ddticlevatines of these 
blades it will be as well to commence with a description of what actually 
happens to the blade, and afterwards take a few typical cases, Thirty 
per cent. to 32 per cent: nickel steel (J) is the material in general use, 
and, unless otherwise stated, the deterioration refers to” this material. 
The nature of the deterioration is the same in all cases, but the results, 
taken over a given period, are quite inconsistent, and vary considerably 
with different turbines in the same station, and show a still greater dif- 
ference with similar machines at different stations. The first visible 
indication appears in the form of a fine crack, always on the inlet side 
of the blade, and frequently close to the outer retaining ring, but some- 
times near the center of the blade. Before these cracks are actually 
visible they can be produced by a few light hammer taps. These cracks 
extend over the surface of the blade, cobweb fashion, until pieces be- 
come detached and pass through the succeeding stages, severely bruising 
and closing up the wheel blading on the inlet side, but seldom causing 
a strip; the amount of damage done is naturally regulated by the size of 
the broken piece. All blades in the guide ring are not affected at once; 
generally, isolated blades distributed round the ring develop these cracks, 
but often the defective blades appear in batches; ultimately the whole 
of the blades crack, and, if not attended to, the guide ring collapses, 
causing heavy fouling and serious damage to the wheels and blading. 

Fig. 19 shows a portion of a guide-blade diaphragm, the cracks in the 
blades being clearly. visible; this had been in commission for 9,391 hours 
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Tasts VL—GUIDE BLADE RINGS FOR 9,600-KW. TURBO.GENERATORS, CLASS 2. RUNNING HOURS 1 
OR TO TIME OF RENEWAL k 
; I blades 2 thick. 148 blades plete ri for all 
All blades are of 30 per cent. to 32 per cont. nitorne J except where marked On denotes stil) running. X signifies re 
2. 5. 2. 8. 
Length of Blade 19 mm. 36mm. | 47mm. | 63 mm. | 87mm. - am. 100 am, 190 um. 280. 
No.2, Rosherville | Original ..| 29,600 | 29,009 | 29,600 | 29,609 | 10,687 16,908. | 10,887 | 19,887 | 19,887 | 19,887 | 19,8 
8.R. BR. 8B. 8.R. x x x x 
(In state off co when reneweld.) 
No. &, Rosherville | Original ..| 20,862 | 27,242 | 27,202 | 27,208 | 97,209§ | 18,088 18,023 | 24,403 | 24,403 | 24,403 | 97, 
1st renewal > 9,219 9,219 2,639 2,839 - 
14.8. Reblieded rings-|-Flanged ~ 
No. 4, Rosherville | Original ..!_ 2,061 | 81,926 | 31,026 | 91,028 | 12,075 | 12,075 12,075 | 12,076 | 12,075 | 19,075 | 12, 
tied” A 
aR. 
No. 5, Rosherville | Original 4,670 | 20,275 | 26,045 | 20,275 | 20,975 ta — 
10. 
recently mech. aR. mech, | mech. 17,110 | 17,110 | 17,110 | 20; 
3,165 3,165 
2ndrenewal) — _ ~ - 
Ho. 1, | Original .. Cracks oa temple of ede rom with 
ages 9, 10 11 Blades 
progced and on -tapping with hammer 
Verssniging | Origieal $1,008 Cracks on stages 10 tapping afer 20,000 
Not visible otherwise. 
No. 3, Vereeniging | Original ..| 2nd stage | 25,564 | For all 74 
pot | on to 11 bisdes on after 20,000 
No. 4, Vereeniging | Original ..| 2nd stage | 20,508 For all stages except 10. 16,919 
not fitted 8.R. 
: Cracks n blades 16,919 hours. 
ist renewal guide rings cased after 


iG HOURS TO SEPTEMBER 30, 1916, i 
X signifies renewed owing to deterioration. i 
1. 12. 13. 
| 
2,500 | 9,900" | 20,500 1frenewedowing 
to mechanical damage. 
1 cracked 
19,887 | 19,887 19,887 
x x X bisde in stage 8 
hen ) cracks after 
|e 
24,003 | 27,242 | 27,2425 | 
ose } recently—not 
yet recommissioned. 
lascertained 
12 when hammered © 
smartly. 
Stages and 8 
mechani- 
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only, -on:.one of the compressor turbines, Class 5, and failed a few 
months after this photograph was taken owing to: lateral movement of 
the diaphragm having taken place: in the direction of the following 
wheel, which was ultimately fouled. . 

Fig. 20 shows a portion of the upper -half of the guide ring for the 
eighth stage removed from No. 5 generator turbine, Rosherville, after 
7,801 hours. Reference to Table VI, giving the life of guide blades for 
Class 2 turbines, shows this to be due to mechanical damage caused by 
a partial strip; the mechanical damage is, however, slight, and an ex- 
amination of the ring is interesting, nearly every blade being fractured 
where joining the inner and outer retaining rings. The photo is not clear, 
but the light splashes near the lower ring show where fracture has taken 
place, and, in addition, several blades have holes right through them, 
more particularly at the junction between the curved portion: and the 
straight. The portion of blade clear of the retaining rings looks quite 
good until smartly tapped with a hammer, when the characteristic cracks 
showing early deterioration are produced. The lower half of this ring, 
which had only run3,165 .hours, was removed and carefully examined, 
but it was found to be quite sound. | 

Fig... 21. shows three loose guide: blades from generator tarbines, 
Rosherville, in various stages of deterioration. (a) (Specimen 2/15) 
was removed from seventh stage guide ring No. 2 set after 15,308 hours; 
(b) (specimen 4/15) from seventh stage No. 3 set after 18,023 hours: 
(c) (specimen 12/15) from twelfth stage No. 2 set after 19,887 hours. 
These blades are in the same condition as when in position in the guide 
ring, and have not been further: damaged during removal. Fortunately, 
in the case of the guide-blade rings under discussion, there is little danger 
when. the cracks first appear, as several months elapse before pieces of 
- guide blade break away. Examination .at intervals of 3,000 hours allows 

one to follow the condition and judge when the ring should be renewed. 

In the case of the guide-blade diaphragms, as fitted to Class 4 and 6 
turbines, they become unsafe as soon as cracks appear, and movement 
_of the diaphragms in the direction of the following wheel has taken 
place on different occasions This tendency to displacement of the 
diaphragm is probably due to the circumferential pitch of the, blades in 
the guide-blade diaphragm construction being greater. than in the guide- 
ring construction, with a consequent increase of diaphragm area’ per 
blade. The subjoined table gives the diaphragm area exposed to the 
difference of steam pressure between the inlet and discharge side, also 
the number of blades and pitch for the first set of guide blading, t.e., for 
stage 2. Three classes of turbines are dealt with, the diameter being 
taken to the nearest inch. There are. 12, 11 and 4 Rateau stages, in 

Classes 2, 4: and. 5 turbines respectively, and assuming the pressure drop 

across each stage to be 6 pounds per square inch forthe first two, an 

12 pounds per square inch for the: third, the weight cattion per. ape is 

shown in the right-hand column.. 


__ Area of 
diaphragm. 


9,600-kw. turbines, Class 2. 

12, turbines, Class 4....’. 

10,000-h.p. compressor 
bines, Class 


Weight’ 
No. of | Pitch of | ‘carried 
blades. | blades? | per 
4,624 148 | 187° 
"3,606 76 || 74.6 284 
2,109!) |: 84.0 “fo 486... 


Fig. 22 shows the difference in the dace of the blades for a guide-ring 
and a guide-blade diaphragm. It will be noticed that the curved portion 
marked X is much longer in the former than in the latter construction. 

With regard to the life of these blades, Table No. VI gives the number 
of running hours up to the time of replacement, if such has taken place, 
or up to September 30, 1916, if the original rings are still in use: All 
the turbines are. of 9,600 kw. (Class 2), five being.in use at Rosherville 
and four at Vereeniging. The conditions are generally the same at each 
station, with the exception of the steam temperature, which is 350 de- 
grees C. at» Vereeniging, as against 320 degrees C. at Rosherville. Ref- 
erence to the table shows the great disparity in the running hours be- 
tween the various stages at the same station, and the same stages eo 
two different stations. 

First, it will be noticed that in no case has it been necessary to renew 
the first four guide rings owing to deterioration; in one case renewal has 
taken place; this was, however, due to mechanical damage owing to 
fouling some hard material, probably a piece of nozzle vane. It will also 
be noticed that deterioration commences first in stage 7 on the first five 
sets, and that the life varies from 9,900 hours on No. 1 to 18,023 on No. 3. 
As. in the case of the wheel blading, the “life” does not represent the 
time the blades would actually have lasted; it simply shows that when 
renewed the blades were defective; the degree of deterioration varying 
considerably. Generally speaking, no rings were renewed until: small 
pieces of blades broke away, and’ in some cases the rings were in an 
absolute state of collapse before being renewed. 

Allowing for this difference in condition, however, there is no satis- 
factory reason to account for a difference of over 8,000 hours in the life 
of stage 7 on sets 1 and 3. The variation in the life of the center stages 
on the Rosherville and Vereeniging sets is very marked, and before | 
attempting to explain a“ it will be well to consider: possible causes for 
this deterioration: 

“Influence of Material on Devwitoration —The evidence is hardly suffi- 
cient to state definitely the relative advantages of high or low percentage 
nickel steel, but the results obtained in No. 4 set, Rosherville, point to 
steel containing no nickel as being more suitable. Stages 6 to 13 on No. 4 
were tested in ‘exactly the same manner, i.¢., they were struck sufficiently 
hard with the ball of a hammer to indent the blade in several places 
where exposed at the horizontal joint. Cracks could only be produced 
on stages 7 and 12, which on analysis were found to contain 30 per 
cent. nickel; the other stages resisted this somewhat drastic treatment, 
and these blades were marked H by the makers and found to contain | 
no nickel. When last examined there was a good deal of pitting on the 
convex ‘and concave portions: of these H blades, which effect i is unusual 
with the nickel steel blades. 

We are experimenting with different classes of steel; Siemens-Martin, 
and 5 per cent. and 3 per cent. nickel steel being at present in use, cast 
into the retaining rings in a similar manner to that adopted by the 
makers. The test is of far too short a duration to form an opinion as 
to the respective merits of these various steels, and the time required 
is one of the drawbacks to these experiments, as, even when the turbine | 
is run at a very high load factor, two and a half to three key must 
elapse before we can say that a definite improvement has been made, 
unless, of course, the steel on trial gives much worse results than that at 
present in general use. 

On the Class 4 turbines H steel, containing no nickel, has been supplied 
for some stages, and has so far shown no deterioration, while other 
stages, containing 30 per cent. nickel (J steel) in the same machine have 
shown marked deterioration, but these will be referred to later. . - 
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the case’ of the guide ring renewed on “No. 4 set, Vereeniging (stage 
10), some of the blades were badly cracked, and others appeared to ‘be 
in perfect ‘condition; one of each was analyzed, and both were ‘found 
to be 30 per cent. nickel steel, the inference being that the presence of a 
high percentage of nickel does not necessarily cause the blades to crack. 

A non-ferrous material might’ be tried with good results. The cost 
would be a good deal higher than if steel were used, but that would’ not 
matter ‘much if the life were considerably increased. Castiig iron round 
blades made from Monel metal sheet has been. tried, but’ the heat of ‘the 
molten metal appears to take the nature out of the coppér-nickel alloy, 
rendering it short, so that it cracks and breaks on bending. § - : 

Mechanical Stresses imposed on the Blades by Expansion and Perma- 
nent Growth of the Retaining Rings and Diaphragms and by Sudden, 
Changes of Temperature in the Blades—We have ample evidence of the 
exceedingly heavy stress imposed on the blades from this cause, par- 
ticularly at the high-temperature end of the turbine. =~ 

‘When the machines were first erected the guide rings were fitted to a 

groove in the casing, and secured ‘thereto by means of screws; the C.I. 
diaphragm, of dished formation, is grooved round the periphery and 
fitted’ snug to the inner retaining ring of the guide ring, there being a 
corresponding tongue fitting the groove of the diaphragm to prevent 
lateral movement. The convex side of the diaphragm is toward the high- 
pressure end of the machine, and is designed to resist the difference of 
pressure bétweén the inlet and discharge side of the guide rings. It 
may have been assumed by the makers that this dishing -would relieve 
the blades of excessive stress by deformation of the casting, and the 
‘latter effect actually occurs, as it is found that the ‘clearance between 
the diaphragm boss and the preceding wheel gradually diminishes. It, 
however, does not relieve the blades sufficiently to prevent severe buckling 
of the first two rings, and Fig. 23' shows this very clearly. Photographs 
of the 9,600-kw. machines are not available, but the figure shows a por- 
tion of a stage 2'ring removed from one of the Simmer Pan’ 3,000-kw. 
sets, the deformation of the blades in the larger sets being similar, 
although not usually quite so pronounced. 
' In addition to the buckling of the blades, they are badly cracked, as 
seen in Fig. 24, due doubtless to the enormous stress imposed. This par- 
ticular ring was in commission for 39,000 hours, and is the first one 
renewed on the early stages of the machine owing to cracked blades. 
On the 9,600-kw. sets these cracks have not yet appeared on the first 
five stages. 

It is seldom the blades are buckled beyond the third guide ring, the 
expansion of the guide rings and diaphragms being naturally less as the 
temperature decreases, until at the ‘exhaust end it is comparatively low, 
seldom exceeding 50 deg. C. If we assume heavy pressure on the blades 
to be the cause of the cracking, it seems strange that where the pressure 
is heaviest the blades are least affected. It may be a contributory cause, 
but in any case it is obviously better to relieve the blades of this stress 
as far as possible, and this has been accomplished in the case of the 
guide rings by machining a 3 mm. clearance between the guide ring 
and diaphragm and resting the diaphragm on two short fitting strips on 
the lower half. A few copper pins are fitted on the upper half of the 
guide ring, with about 0.5 mm. clearance between the pins and dia- 
phragms, so that the latter cannot rise too much and foul the shaft gland. 
It is found that after a time these pins are crushed by the diaphragm, 
and they are eased’ periodically: ta yistiibsd 

In the case of the guide blade diaphragms these are suspended on 
lugs at'each side of the turbine ‘casing, 3 mm. clearance’ being left: all 
round the casing groove, so thatthe diaphragm is free to move when 
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fitted, but gradually tightens sideways in the groove: as the growth of 
metal takes place. 

Reference to the notes in remarks column of Table VI Pat that. in 
‘sets 1.and 2, Rosherville, cracked blades are. found in the eighth stage 
after. 8,700 and 9,700 hours. Also in the eighth stage of No. 5 set, 
Rosherville, after 7,801 hours. These three rings were eased when first 
fitted and have never been subjected to heavy pressure. It therefore 
seems clear that the metal deteriorates irrespective of the compression to 
which the blades are subjected. 

In the case of the guide-blade diaphragms on turbines Classes 4 and 
5, which were fitted to relieve blade stresses, 1 mm. clearance was left 
round the circumference by the erectors. This was absorbed during the 
first year of running, and, in addition, in some cases, very heavy dis- 
tortion has taken place. 

Fig. 25 shows the guide-blade diaphragm for the second stage on.one 
of the 12,000-kw. sets installed at Brakpan in 1915, and the photograph 
was taken after 8,822 running hours (14 months). The rim of the 
diaphragm portion ‘should be flush with the top side, of the outer retain- 
ing ring, but has moved 3/16 inch toward the following stage, shown 
by. the dotted line. In addition, practically every blade is cracked, this 
being the first instance which has occurred at such an. early stage in the 
machine after such a short life; the material.is 30 per cent. nickel steel, 
2 mm. thick. In this case the clearance was most likely very. soon taken 
up, and the heavy. pressure doubtless had much to do with the cracking 
and was mainly responsible for the distortion. 

Finally, we have cases on record where long life has been attained 
without the rings being eased at all. On one of the 3,000-kw. sets in- 
stalled at Brakpan some of the blading was renewed after 46,890 hours 
(stages 2, 6, 7), and on the adjoining set the blading was eased after 
over 40,000 hours, and is still in commission and in good. condition after 
59,000 hours, with the exception of the guide ring for stage 2, the blades 
of which are now cracking. In both machines the blades are of J steel. 
-The steam temperature at the stop valve has been somewhat lower on 
these sets, being about 290 degrees C., as against 320 degrees C. to 350 
degrees C. on the sets previously dealt with. This difference in life is 
most difficult to account for. Some makers use steel castings for tur- 
bine diaphragms, and this material possesses an advantage over cast iron 
in that it is. not, as far as the author is. aware, subject to permanent 
growth to the same extent as the latter material. 

With regard to the sudden expansion of the blades themselves when 
starting up a set from a cold state, the blades are thin and will tem- 
porarily attain a higher temperature than the retaining rings; they will 
be subjected to compression stresses on this account, although 30 per 
cent. nickel steel probably ‘has. a very low coefficient of expansion; .36 
per cent. nickel steel (invar), used for instrument work, has no coeffi- 
cient of expansion. 

In this connection the number of starts over an extended period have 
been examined on the various 9,600 kw. sets, but this does not seem to 
have any bearing on the life of the blades, and it is probable that these 
stresses are not so serious as others which the blades are called upon to | 
withstand. 

It having been decided to. cast think guide blade rings locally, ‘their 
manufacture presented some difficulty at first, and previous to the work 
being put in hand some of the old guide rings were rebladed as an 
emergency measure. Ordinary steel plate, 2 and 3:mm. thick, was used, 
cut to shape and bent round. a former. The blades ‘were then flanged 
and riveted between the retaining rings, a fairly neat job being made. 
Fig. 26 shows the blade ready for fixing. The blades were quite sound 
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when last examined, but had only been in commission for 2,839 hours. 
It will be interesting to see whether this method of. building up the 
rings will increase the life of the blades. There may be some advantage 
in the flanging, a little more elasticity, perhaps, and, further, the blades 
are not subjected to the intense heat. which is unavoidable when the 
molten iron is cast round them. It is significant that the turbine in 
which these rebladed rings are fitted is less efficient than the others of 
similar type. This may be due to the rivet heads and flanged portion of 
bey blades, which project into the steam passage and obstruct the steam 


Other Stresses, Vibration, Impurities in the Steam, &c.—lf we assume 
the drop in pressure across each diaphragm to be 6 pounds per square 
inch, and the diameter of the diaphragm to be 60 inches, the guide 
blades have to withstand a lateral force of 8.4 tons, which, divided be- 
tween the blades, may not be excessive. In addition, however well the 
machine is balanced, a certain amount of vibration will take place, due 
to the rotation of the parts, and also due to the passage of steam through 
the blading. This vibration, acting on the guide blades while under 
stress from the diaphragm pressure, and perhaps at a critical tem- 
perature, may cause cracks to develop and ultimately break down the 
material. Another factor which may influence deterioration and account 
for the difference in life at various stations is impurities carried over 
from the boilers with the steam. For instance, on the 3,000-kw. sets at 
Brakpan, where exceptionally long life has been attained, the boilers are 
supplying steam to reciprocating. compressors, and oil "used for lubri- 
cating the steam cylinders has found its way into the boilers, and from 
these to the turbines. It occurs here as a greasy deposit on the guide 
blades, which may have acted as a protective covering. The feed- 
water make-up at this station was at one time strongly alkaline, being 
quite different from that at Rosherville or Simmer Pan, while at Ve- 
reeniging river water is used, which is comparatively soft. 

Two final cases are given, which are interesting on account of the 
rapidity with which deterioration takes place, and also because the 
machines are of later design than those previously described. The first 
of these is one of the 12,000-kw. generator turbines installed at Brakpan, 
containing 11 guide blade diaphragms, the blades in the first seven being 2 
mm, thick, of high percentage nickel steel J; of these the 1st, 6th and 
7th contained blades so bladly cracked after 8,822 hours as to be unsafe, 
while in the 5th the blades were just commencing to crack; in dia- 
phragms 2, 3 and 4 the blades were quite sound; in the remaining four 
stages, beyond the 7th stage, the blades are of steel containing no nickel 
(H) and are in good condition; in three of these the blades are 3 mm. 
thick, and in the fourth and last 4.mm. thick. The first five stages on 
, this set have been subjected to heavy pressure, so much so that displace- 
*ment of the diaphragms has occurred, as shown in Fig. 25, previously 
described. It would appear from the above that the H steel, 3 mm. 
thick, will give better results than the 2 mm. J steel, although it is 
strange that in diaphragms 2, 3° and 4 the latter material shows no 
cracks; one can only conclude that there must be some difference in 
manufacture of the plates from which the blades are made, as the 
rough analysis shows the material to be similar, and the conditions are 
the same as.on the diaphragms at either side. 

The other case is on the three large compressor turbines of 10,000 
H.P. installed at Rosherville. 

There are five guide blade diaphragms in these sets, the first two con- 
taining H_ steel blades without nickel, 5 mm. thick on the inlet side, 
tapering to 2 mm. on the outlet side. These blades show no cracks after 
11,000 hours. Diaphragms 3, 4 and 5 contain blades 214 mm. thick, of 
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uniform section, and on two sets diaphragm 3 has nickel steel (J) blades, 
which have both cracked badly after 10,000 and 11,000 hours respectively. 
On the third set blades containing no nickel (H) are used, and at present 
are quite sound after 6,000 hours. On the fourth diaphragm J ‘steel has 
been used for compressors’8 and: 9; and in both cases the blades have 
cracked after 11,000 and 6,000 hours respectively; while on compressor 7 
H steel is used ‘and is in good condition after 10,000 hours. J steel is 
used throughout for diaphragm 5, and when examined the blades. were 
cracked in one case only. 

The following table shows the arrangement of blades and condition 
when examined after the number of running hours ‘specified. H_ signi- 
fies steel containing no nickel, and J 30 per cent. nickel steel: i 


10,000-H.P. COMPRESSOR TURBINES. 


‘Diaphragm No. 7. No. 8. No. 9. 

No. 10,362 hours. 11,543 hours. _ 5,994 hours. 
H, steel good..... H, steel good ...... H, steel 
H, steel good..... H, steel good ......) H, steel good. 
J, cracked........... J, badly cracked ..| H, 
ZOO Jy badly cracked .. J,, slightly cracked 
J, good...............| J, cracked ... H, good. 


The above results point to H steel being a much more suitable metal 
for guide blading than J steel. No. 7 compressor has been opened up 
quite recently (since the above table was drawn up), and the guide 
blades have been hammer-tested severely. In the third diaphragm cracks 
in the blades are clearly visible before hammering, and with a few smart 
blows the cracks extend over the surface and pieces can be knocked 
out. The H steel blades, containing no nickel, used in diaphragm 4, were 
treated in the same manner, but no cracks were produced, the metal being 
quite sound. In diaphragm 5 no cracks were visible until the blades 
were struck a few times, when the cracks appeared, showing the metal 
to be in the early stages of deterioration. The guide blading was in 
commission for just over 13,000 hours when this exatnination took place. 

A photomicrograph of the H steel in use is shown in Fig. 14. 

Conclusions—In summarizing the behavior of the materials used in 
blading these turbines, it will be seen that there is no difficulty in 
choosing a material for moving blades which can be depended on to give 
fairly satisfactory results in particular stages. Five per cent. nicked 
steel, brass and aluminum bronze in suitable stages will have a life of 
40,000 hours, and perhaps 50,000, or more, which, if the turbines are run 
continuously, ‘mean five or six years. It is probable that in the 
majority of power stations the running hours would be much less, and 
the number of years the blades would last will be correspondingly in- . 
creased. One has to decide what constitutes a satisfactory life, and if 
we assume the turbine will be in use for 15 or 20 years, the ideal blade 
material is one which will do its work efficiently for this périod. If long 
life can only be achieved by the use of expensive alloys, the cost of such 
material would have to be compared with the saving in. maintenance 
which would result by, its use. 

_ With regard to the life of turbine plant one has to consider the 
probability of future improvements, which might increase the Peery 
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of turbines to such an extent that it would pay to scrap existing plants 
and install new ones. : 

One has to admit, however, that a very considerable advance in effi- 
ciency would have to be made to justify this course, and the uncertainty 
of a sufficient improvement is a further argument for better blading 
material. 

A saving of 1 per cent. in coal consumption on a 10,000-kw. set sup- 
plying 6,000,000 units per month may represent about 400/. per annum. 

With regard to inlet nozzles, it is clear that no reasonable expense 
should be spared in making these absolutely reliable; nozzles with thin 
cast-iron vanes should be abolished, but if cast iron is used the design 
should be such that there is no possibility of pieces becoming detached. 

The guide blading in use on these turbines is clearly unsatisfactory, 
and the reader may wonder why this state of affairs has not been reme- 
died long ago. The user is, however, largely in the hands of the turbine 
builder, and, further, if a mistake has been made in design or material 
in the original installation, three years or more must often elapse before 
this is discovered, and an equivalent time is taken to prove the success 
or otherwise of any alteration. Incidentally, thousands of pounds are 
spent by the user in large installations in renewing defective blading 
and making good damage caused by broken pieces, collapsed rings, &c. 
This maintenance should be unnecessary, and for this reason the defects 
have been given in considerable detail. 

While the author feels that mild steel is preferable to the high-per- 
centage nickel steel in use, it must be admitted that the latter has given 
good results in many cases. On the fourth diaphragm J steel has been 
used for the 10,000-H.P. compressors 8 and 9, and in both cases the 
blades cracked, while on compressor 7 H steel is in good condition. 

High-percentage nickel steel has been more extensively used and for 
a much longer period than non-nickel steel. The latter material is in 
use on No. 4 generator turbine, Rosherville, and in this case consider- 
able pitting has occurred. The evidence obtained on. the 10,000 H.P. 
compressor turbine, Rosherville (No. 7), is, however, very much in favor 
of mild steel, and there seems little doubt that it will prove the better 
material. The possible causes of deterioration are not conclusive; they 
may all be contributory to the general failure, and the inconsistency of 
results, particularly at different stations, makes the whole subject very 
puzzling. One is inclined to blame 30 per cent. nickel steel because so 
much of it is in use and fails, and it may be that mild steel will also 
prove unsatisfactory through cracking or pitting. 

Blades made from brass sheet and carefully fitted to retaining rings 
have been used for small turbines by some manufacturers, and various 
methods of attaching blades could be devised. The cast-in method used 
on the turbines described in this paper is, however, very simple and 
requires a minimum amount of machining and fitting, so that it would 
be preferable to retain this design if satisfactory results can be obtained. 

The author believes that the position can be much improved by the 
use of thicker blades of mild or low-percentage nickel steel, say, 3/16 
inch, or % inch tapered, perhaps, on the outlet side to % inch. Un- 
fortunately an alteration of this kind on a ring designed for 2 mm. 
blades reduces the area for steam passage somewhat. To obtain the 
same port area the radial length of the guide blade would have to be 
greater, necessitating a longer moving blade. The following alterations 
have been made, which may result in a considerable improvement in the 
life of the guide blades. 

In the case of the guide-blade diaphragms for the 10,000-H.P. com- 
pressor turbines, in addition to substituting B, C and C1 steel for J steel, 
the blades have been increased in thickness from 2.25 mm. to 3 mm. in 
three diaphragms on one turbine without affecting the efficiency or output. 
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On the 12,000-kw. generator turbines at Simmer Pan and Brakpan six 
stiffening blades of mild steel, 3/16 inch thick, have been cast in each 
half; these are distributed equally round the diaphragms and take the 
place of the J steel blades, 2 mm. thick, originally used. The remaining 
blades are 2 mm. thick, B, C and C1 steels being used in the various 
diaphragms. 

On the same class of turbine another experiment is in hand; cast-iron 
stiffening blocks are being cast. between adjacent guide blades on the 
horizontal and vertical diameters of the diaphragm. This blocks up four 
ports in the complete ring, and should stiffen up the diaphragm very 
considerably. In addition, the material has been changed from high- 
percentage nickel steel to B and C steel. : 

The guide-blade diaphragms on which the last two experiments are 
being tried are not yet in commission, so that the effect on efficiency is 
at present unknown. 

The author cannot say whether similar trouble is prevalent on tur- 
bines made by other firms, and any discussion which this paper may 
promote will be valuable in throwing light on the best design and ma- 
terial for turbine blading. It is hardly to be expected that manufacturers 
will advertise defects in their machines, but users need have no scruples 
in this respect. 

In conclusion the author desires to thank the management of the Vic- 
toria Falls and Transvaal Power Company, Limited, for permission to 
publish the information contained in this paper, and also Messrs. C. W. R. 
Campbell and Val Davies for preparing the slides and photographs which 
accompany the paper.—“ Engineering.” 


“THE DETERIORATION OF TURBINE BLADING.” 


To THE Eprtor or “ ENGINEERING.” 


Sir:—The interesting and instructive paper on the above subject re- 
cently read before the South African Institute of Engineers by Mr. A. 
Fenwick, and published in your issues of May 4 and 11, has justly received | 
a wide publicity in the technical press of this country, and it is to be 
hoped that our manufacturers and users of turbines will take advantage of 
such a complete and thorough statement of working results. There is, 
however, a danger that, in the case of those who are not thoroughly 
familiar with all the circumstances, doubts and fears as to the reliability 
of impulse turbines, may arise, which will tend unjustly to discredit this 
type of turbine as built in this country. In the hope that these fears may 
be removed, we trust that we, as the owners of the Curtis turbine patents 
for land purposes in this country, may be allowed to place before your 
readers a few words of explanation and information. 

In the first place, we are pleased to note that in the preamble to your 
reprint of Mr. Fenwick’s paper reference has already been made to the 
fact that all the turbines are of one particular firm’s make, and that the 
failures recorded are not due to the type of turbine, but to the use of 
improper materials or design. . 

When we took up the manufacture of Curtis turbines about fourteen 
years ago the blades were cut from solid rings—the material was mild 
steel, and was found to be serviceable, particularly in the high-pressure 
stages. Towards the exhaust end, owing to an increasing amount of 
moisture in the steam, erosion would commence after some 6,000 hours’ 
service. This deterioration was augmented in some cases by ordinary 
rusting taking place while the turbine was out of service, and due to 
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leaky stop valves, the blading standing in a warm damp atmosphere. Many 
of these early turbines are still running, and have suffered less in effi- 
ciency than would be expected from the appearance of the blading, thus 
confirming Mr. Fenwick’s observations. It was early recognized that a 
more suitable material was wanted for the blades, and systematic investi- 
gations were started by us to find a material possessing the following 
characteristics : 

1. Non-corrosive in steam and water. 

2. Resisting erosive action of high steam velocities. 

3. High tensile strength. 

4. Retention of initial physical properties. 

5. Adaptability for manufacture. ~ 

6. Reasonable cost. 

It will not be necessary here to relate the methods employed, or give all 
the results of our investigations. Those interested may be referred to a 

per read by our chief chemist, W. B. Parker, F. I. C., before the Insti- 
tute of Metals (“ Journal of the Institute of Metals,” 1915, vol. xiv), written 
for the purpose of soliciting the active assistance of the metallurgists 
- towards getting the most suitable material for turbine blading. 

Among the non-ferrous alloys we have found that high-grade phosphor- 
bronze best filled the above-given requirements, and after several years’ 
experience we have found none better. This alloy has initially a yield- 
point of 12 tons and tensile strength of 24 tons. After being exposed to 
high steam temperature the alloy ages, ¢. e., the yield-point is lowered, and 
somewhat in proportion to the temperature to which it is exposed. This 
reduction in strength is, fortunately, not important, as the shortest and 
‘least stressed blades are exposed to the greatest heat. We believe the 
phosphor-bronze has lately been adopted for impulse marine turbines, and 
with satisfactory results. 

The output of steam turbines for a given r.p.m. is gradually growing, 
and the blading stresses have correspondingly increased, and to such 
values that the phosphor-bronze alloy is not strong enough for the require- 
ments at the low-pressure end of the turbine. Where this greater strength 
is required, steel or steel alloys are used. 

To avoid corrosion high-percentage nickel steel looked most promising, 
and was experimentally tried by most turbine builders. Two machines 
which we built were provided with 25 per cent. nickel steel blading, which 
came to grief after less than a year’s service. The behavior of this alloy — 
is most mysterious, as pointed out by Mr. Fenwick, and we believe there is 
no satisfactory explanation today as to the real causes of failure, our own 
investigations being inconclusive. Even with so low a percentage of 
nickel as 3 per cent. to 5 per cent., trouble may be experienced owing to 
the tendency of nickel to segregate when pouring the ingot, and we have 
therefore for some time past been using a high-grade open-hearth carbon 
steel (having a higher percentage of manganese than usual), so as to 
obtain a material of great tensile strength, dependable and giving constant 
results. This steel is not affected by corrosion to any greater extent than 
steel containing a permissible amount of nickel, and we find that corrosion 
is not appreciable if the feed water is pure and no deleterious compounds 
are introduced into the boiler, and, further, that the turbine is kept dry 
while standing. : 

It would be desirable, however, if a non-rusting blading material, having 
great tensile strength, could be obtained. Experiments are in progress in 
this direction with what is known in the cutlery trade as “ rustless steel,’ 
but it is too early yet to say if this alloy will stand the test of time. 

With regard to nozzle and guide-blade material, there is no doubt that 
the serious troubles described by Mr. Fenwick are mostly due to employ- 
ment of 30 per cent. nickel steel alloy, and partly to too thin guide blades. 
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First-stage nozzles exposed to high pressure and temperature with cast- 
iron division walls, as mentioned by Mr. Fenwick, could only be expected 
to give the trouble experienced. Bronze alloys have been found most satisfac- 
tory for this purpose, especially when used for extra high temperatures, 
and the extra cost involved is well justified. The most suitable material 
for guide blades, according to our own experience, is a good grade of mild 
steel. If a non-rusting steel can be obtained for the longest rotating blades, 
this material will be equally useful and welcome for the guide blades. 

The drop in pressure across a diaphragm is considerable in the first 
stages of a turbine. Mr. Fenwick mentions a drop of 6 pounds across the 
diaphragms of turbines in Classes 2 and 4. It should be pointed out that 
this is the average pressure-difference, and in the case of the first 
diaphragm the drop is about four times this amount, increasing the stress 
per blade to four times that given in Mr. Fenwick’s table. We believe 
that cast-steel diaphragms should be used where the pressure drop is great, 
the diaphragm being provided with suitable portholes, and having sepa- 
rate nozzle segments bolted to the diaphragm. With this construction all 
serious bending stresses in the guide blades are avoided, and the extra 
expense, we think, is justified. Where cast-iron diaphragms are used the 
metal should be carefully selected so as to avoid excessive growth, which 
is mostly due to the presence of too much silicon. 

In conclusion we would express the hope that the proposed national in- 
vestigation of blading material will be taken in hand es delay. 

(For the British Thomson-Houston Co., ; 


FREDERICK 
Rugby, May 15, 1917. 


SOME EXPERIMENTS ON THE INFLUENCE OF RUNNING 
BALANCE OF PROPELLERS ON THE 
VIBRATION OF SHIPS. 


By J. J. Kine-Sarrer, R.C.N.C. 
(Institution of Naval Architects; March, 1917.) 


The experiments to which reference will be made were carried out in 
two destroyers and a “Town” class cruiser which were being built at 
the Commonwealth Naval Dockyard, Sydney. 

The first destroyer to be completed ran her trials very satisfactorily, 
but there was a certain amount of small vibration in the vessel, most 
pronounced right aft above the propellers. That this vibration was due 
to the main engines was considered most improbable, as these latter 
apparently ran as smoothly and as free from vibration as they did in 
the shop test. The only other rotating masses that could possibly be 
supposed to cause vibration were the propellers. The question then arose, 
were the propellers, as manufactured, fulfilling the conditions for perfect 
running balance which, quoting from Mr. Barnaby’s book on “ Marine. 
Propellers,” are given to be: 

(1) Each blade must be of the same weight. 

(2) The center of gravity of each blade must be at equal distance 
from the axis of the propeller. 

(3) The center of gravity of each blade must lie in a plane at right 
angles to the axis. 

There is no way known to the author for conditions (1) and (2) to be 
obtained except by careful and accurate workmanship, when condition 


PROPELLERS STATICALLY BALANCED, 


493 PER MINUTE 


MEAN REVOLUTIONS OF MAIN ENGINES - 


INCHES 


NOTES. 


NOILVUGIA 30 40 BIVIS 


563 


ie SECONDS 


| 


SCALE FOR TIME 


Fig. 1. 


| 
| 
| 
| 
ines: 
| 
| 
| 
| 
| 
| | | | 


564 


NOTES. 


NOILVUGIA 30 40 


“| 
z T 
9 
z 
2 
z 
5 


MEAN REVOLUTIONS OF MAIN ENGINES 


78 SECONDS 


SCALE FOR TIME 


Fig. 2, 


| 
| 
| 
< Hee 
>| 
| 7 
| 
| 


NOTES. 565 


(3) would naturally follow. But in practice it is practically impossible 
to ensure that all parts of each blade shall be exactly of the same 
thickness, and that all parts of the propeller are exactly and sym- 
metrically disposed around and along the axis. 

Balancing the propeller on knife edges does not ensure that either 
condition (1) or (2) is satisfied, as it is possible for the propeller to 
be in static balance and yet for these two conditions not to be fulfilled, 
and, so far as the author’s knowledge goes, he does not see what other 
method can be adopted to place an absolute check on these two con- 
ditions. And, as regards condition (3), hitherto, also so far as the 
author knows, no other check other than the static balance and the 
calibration has been exercised to prove whether this condition has been 
fulfilled, and it has apparently been assumed that the above checks have 
been. satisfactory. 

The object of this paper is to show that there is another check to 
which propellers-can be subjected, viz: dynamic balancing, i.e., the rotat- 
ing of the propeller at speed on spring bearings, noting the vibration, 
and the removal of weight from certain parts of the blades and even the 
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boss, the position of which is indicated by the direction in which the 
vibration acts, in a manner exactly similar to the way in which a turbine 
rotor is balanced. 

It is contended that by this further balance a perfect running balance 
can be obtained, i.¢., one in which the propeller can be made to rotate 
at any speed in the spring bearings without a perceptible tremor, and 
presumably, if it will do this in a live bearing, it will similarly run 
without vibration on its shaft in the ship. 

The dynamical balance does not provide a perfectly balanced propeller 
as defined by Mr. Barnaby, but it does provide for one that will rotate 
without vibration if the balancing is properly carried out. , 

At the time the first set of dynamically balanced propellers were tried 
in one of the destroyers, the author, unfortunately, had no suitable in- 
strument available for recording vibrations. It can only, therefore, be 
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asserted that, in the opinions of the ship’s and dockyard officers and 
the author, there was a decided improvement. In the subsequent experi- 
ments on the “Town” class cruiser, the author was able to obtain a 
permanent record of the difference in vibration between two sets of pro- 
pellers, the one set being tried on the ship as supplied by the makers, 
and the other after being dynamically balanced by ourselves. In order 
that the conditions for vibration might be the same, the loading of the 
vessel in the two conditions was maintained as similar as possible. 
Typical results, as graphically recorded,.are shown in Figs. 1 and 2, and 
Fig. 3 shows the curves deduced from the records obtained. In the 
latter, the upper curve 4A shows the maximum readings obtained with 
the unbalanced propellers. It will be observed how, at the highest speeds 
reached, viz: about 493 revolutions, the vibrations increased at a rapid 
rate, whereas in the upper curves BB the maxima were not only much 
less, but of a different character. In the A curves, periods of relatively 
intense vibration, alternating with periods of comparatively. small vibra- 
tion, occurred at frequent but varying intervals, whereas in the curve B 
these periods of intense vibration had become as much reduced as to 
be almost absent, occurring only at long intervals. 

In an appendix to the paper, the author gives illustrations of the 
balancing apparatus in use at the dockyard, also views of one of the 
cruiser’s propellers, showing where ‘weight required to be removed, to- 
gether with a description of the general principles of the procedure to 
be adopted.—* The Shipbuilder.” 


STRENGTH OF MATERIALS. 
Tue Heat TreatMENT of Larce Forcincs. 
By Sir BearpMore, Barr. 


CUnstitution of Mechanical Engineers; March, 1917.) 


In the heat treatment of large forgings there are no metallurgical 
principles involved which do not apply with equal force to the heat treat- 
ment of small forgings, such differences as exist being entirely due to the 
limitations which large forgings impose on the practical conditions under 
which the heat treatment is carried out. For every class of forging it is 
desired that the material from which it is made should give the mechan- 
ical tests required by a suitable choice of composition, but in addition it is 
most necessary that the material should be in such a physical condition 
that brittleness and the chance of sudden failure should be reduced to an 
absolute minimum. 

In carbon-steel forgings produced to meet a definite mechanical test 
specification, this is equivalent to saying that the steel must possess the 
least crystalline growth or the smallest grain size, and the object of all 
heat treatment is to confer this condition on the forging before it leaves 
the steelworks. It is well known that, at any chosen temperature, the time 
the material is kept at its heat and the time taken to cool down to normal , 
temperature again have an all-important influence on the grain size, and 
it is for this reason that in large forgings all the difficulties of heat treat- 
ment are magnified; and, in the author’s opinion, a limit is ultimately 
reached in the size of the forging beyond which a plain carbon steel cannot 
be used with safety, and the use of an alloy steel becomes imperative. 

_The slowness with which heavy masses of steel cool down results in 
large crystal grains at the center of the mass, and, to avoid this, recourse 
has to be made to oil-quenching to hasten the cooling down, and so to 
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diminish the size of the grain, while a subsequent reheating is generally 
necessary to remove the hardness introduced by the quenching operation. 
With small forgings a simple annealing will put the material into the 
condition which will give satisfactory and safe results, but for large 
ine some form of heat treatment is very necessary to get the best 
results. 

It is a fact which is not sufficiently realized by engineers that in plain 
carbon steel the effect of oil-quenching is not uniform over the cross 
section, but diminishes the farther one goes from the outside surface. 
With very large forgings, therefore, a stage is reached at which, owing 
to the size of the forging, the quenching effect at the center is so small 
that it is insufficient to confer any benefit on the material, and it becomes 
impossible to guarantee the uniform results which are wanted. 

The effect of, work is very important, and there is an intimate relation 
under practical conditions between the grain condition of a forging and 
the amount of work which has been put on it during forging. For the 
very best results, the ratio of the cross section of the ingot and the 
largest cross section of the forging should have a minimum value, which 
it is advisable should not be less than three. Preferably it should be as 
great as possible, but it cannot always be adhered to, since for large sizes 
it is limited by the maximum size of ingot with which the presses can 
deal and sometimes by the shape of the forging itself. For an ingot 83 
inches in diameter the maximum size of the forging should not exceed 48 
inches for the best practice, and from a steelmaker’s point of view, until 
the demand warrants the outlay of plant for dealing with still larger ingots, 
larger forgings than this should be built up rather than manufactured in 
one piece. In this connection the cause of commercial efficiency would be 
better served if engineers, in bringing out new designs in heavy steel con- 
structiong would consult the metallurgist and the steel manufacturer as to 
the best method of using their combined knowledge in the design and pro- 
duction of special requirements. 

For high-tensile material—that is, material over 40 tons strength—where 
the factor of safety is limited owing to the special conditions under which 
the material has to be employed, it will generally be safer to use an alloy 
steel, since for the same tonnage a very much tougher material can be 
developed. But for material whose tensile strength is below this figure 
there is not the same necessity, and excellent results can be obtained from 
oil-treated low-carbon steel. 

Fig. 1 indicates the outline of a large rotor spindle which was made to 
the following test specification : 


Ultimate « Venice 36 tons per sq. in. 
Elongation on 2 inches..............00.0005 24 per cent. 


It will be seen from the drawing that the largest diameter was 3 feet 
8%4 inches, and the minimum diameter only 11% inches, so that if such 
an ingot were used as would give the requisite amount of work for the 
largest section, the amount of time and money spent in forging down this 
ingot to 11 inches would be out of all proportion; and so in this case, as in 
many other cases, the best metallurgical conditions are incompatible with 
the best commercial conditions, and a compromise has to be effected. An 
ingot 60 inches in diameter was used of the following composition: 


ied Mn, Si. S. P. 
0.38 0.89 0.21 0.029 0.044 


In the heat treatment of this job, and of jobs having similar shapes, 
when the forging is put into the furnace the time taken to heat up the 
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Fic. 1.—Larcr Rotor 
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heavy center section is much longer than the time taken to heat up the end 
sections. For instance, the end pieces of 11 inches diameter could be 
heated up in about four hours, while the center would take about 20 
hours to reach the same heat, so that before the forging would be uniform 
the end pieces would have been at their heat for 16 hours, and would have 
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grown such a crystalline, grain in consequence that any good effect of the 
oil treatment would have been annulled. To avoid this the ends were 
covered with asbestos sheets, leaving only the center exposed when the 
forging was charged into the furnace, and this sheeting was removed 
after 15% hours in the furnace, so that the forging attained its heat 
uniformly as a whole, and the crystal grain in consequence was uniform 
throughout. 

The test results obtained were very good, and are given in Table I. A 
refer to length tests taken one from each end of the forging, B to tests 
taken circumferentially from a ring taken from the center part after 
treatment, and C to tests taken radially from the same ring. In both B 
and C tests two tests were taken from opposite diameters. 


Taste I. 
Ultimate Elongation 
Fig. 1. Yield point. _ stress. (on 2 ins.) 
Tons per sq. in. Tons per sq. in. Per cent. 
{ 22.6 38.8 27 
22.8 39.2 27 
{ 22.8 39.2 28 
22.4 38.8 28 
22.4 35.8 24 


The treatment which was given to this rotor was: 

(1) Heated to 800 degrees C. (1,472 degrees F.) for two hours and 
cooled in oil. The center part attained its heat in 19 hours 30 minutes, 
and the ends were uncovered after 15 hours 30 minutes, so that they at- 
tained their heat simultaneously with the center part. 

(2) Heated to 550 degrees C. (1,022 degrees F.) in 11 hours 30 minutes, 
and kept at heat for two hours. 

‘A very troublesome feature of large forgings which have been heat- 
treated is the distortion which takes place, due to internal stresses prob- 
ably set up by the operation of quenching. On machining the forging, 
and especially on removing the outside surface, these stresses are partly 
relieved, and the forging distorts and takes up a new shape under the in- 
fluence of the forces still left in the material, so that it loses straightness 
and generally adds very largely to the time occupied in machining. It is 
advisable on this account to rough-machine the forging after treatment, 
and then to reanneal it before the final treatment is done. Allowance 
for this reannealing can be made on the first testing, and where the final 
machining is intricate and accurate it will be found to well repay the 
cost, since trouble in the machine shops due to distortion will be reduced 
to a minimum.— The ——: 


LAMINATED GEARS. 


The Laminated Gears, Ltd., of Sedgley Road, Sheffield, have favored 
us with some particulars of wheels introduced by them under the name 
of laminated gears. These are intended as a substitute for raw-hide and 
similar pinions, they are made up.of a succession of steel discs—1/16 inch 
and upwards—which are assembled together to the required thickness cast, 
or in the case of small wheels on a turned mild-steel center or boss. 

A special and novel feature is the staggering of the-teeth, which is 
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obtained by turning — alternate disc half a space forward, thus vir- 
tually halving the pitch. There is between each disc a thin sheet of metal, 
varying in thickness according to requirements, thus leaving a clearance 
for the teeth to pass without loss of efficiency. It is claimed that the 
staggering of the teeth and building up of the gears produce the following 
three excellent qualities: (1) Silence, as the method of building up 
eliminates the metallic ring of solid steel gears. (2) The reduction of 
backlash to a minimum. (3) Improved Ivbrication, as the staggering of the 
teeth enables the wheels to retain the lubricant very much better than 
with ordinary gears, and instead of being squeezed out at the sides, it 
passes from space to space between the teeth round the wheel. Owing to 
their construction—it is further claimed—the efficiency of these gears is so 
much increased that a reduction in width of face from 15 per cent. to 20 
per cent. can be made, as against that of ordinary gears. They may be 
applied wherever spur gearing is used, but are particularly recommended 
for high speeds where silence combined with accurate running without 
backlash is essential —“ Page’s Engineering Weekly.” 


CORROSIVE ACTION OF SEA WATER. 


When two metals are in contact with one another, and with sea water, 
a voltaic or galvanic action is set up, one of the metals becomes electro- 
positive and the other electro-negative, and consequently there is an eating 
away or corrosion of the electro-negative metal. This corrosive action of 
sea water is well known to shipbuilders and marine engineers, and the 
usual practice adopted to prevent it is to fix cast-zinc pads or rings near 
the bronze propellers or round the brass sea-cocks. The effect is to 
localize the voltaic action between the zinc and either of the other metals, 
and the zinc, being electro-negative, is eaten away, the other metals thus 
tending to escape corrosion. But the effect of the zinc is purely local, 
and it is found that severe pitting occurs at the top part of the inner 
surface of those pipes which are utilized to convey sea water to various 
parts of the ship. This is, however, not due to galvanic action, but due 
to the chemical action of an accumulation of hydrochloric acid formed 
as a result of the galvanic action. In the electro-chemical action between 
sea water. and metals, both hydrogen gas and chlorine gas are evolved, 
and these two combine to form hydrochloric acid, which is a powerful 
solvent of metals. The gases rise and pass through the pipes when the 
valves are open, and accumulate at the top parts of the connecting pipes; 
hence the pitting at these places. It has been suggested that where zinc 
rings are used, gas chambers should be fitted on the top parts of connect- 
ing pipes as near as possible to the sea-valve, in order to trap the gases as 
soon as they are evolved, small pipes being fitted to the gas chambers to 
lead the gases through the hull above the water line—‘“ Shipbuilding and 
Shipping Record,” June 21, 1917. 


TWO AND ONE-QUARTER MILLION TONS OF MERCHANT 
SHIPPING BUILDING IN UNITED STATES. 


A thorough canvass of the principal shipyards in the United States, 
made by “ Marine Engineering” on May 1, shows that 2,250,000 tons of 
merchant ships are now under construction, 52.5 per cent. being built on 
the Atlantic and Gulf coasts, 33.2 per cent. on the Pacific Coast and 14.3 
per cent. on the Great Lakes. 

The report comprises returns from 96 shipyards. In all, 723 merchant 
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vessels of 2,248,000 gross tons are under construction. Three hundred and 
nineteen of these vessels, aggregating 1,539,354 gross tons, are freight 
steamships or motorships, 77 vessels of 365,488 gross tons are tankers, 
10 vessels of 55,260 gross tons are passenger and freight steamers, and 
118 vessels of 159,663 gross tons are wooden ships, either schooners or 
auxiliary schooners, while the remainder, or 199 vessels of 128,435 gross 
tons, are miscellaneous craft, such as barges, lighters, car floats, ferry- 
boats, etc. - 

The output of the various shipyards is shown in Tables I-V. A com- 
plete list of all the vessels under construction, showing the hull number, 
type of vessel, gross tonnage, builders and owners, is issued.in printed 
form (price, 10 cents) and can be obtained. by sending directly to the 
office of “ Marine Engineering.” 

It is interesting to note that nearly 75 per cent. of the tonnage building 
on the Great Lakes is suitable for ocean-going service, while over 90 per 
cent. of the tonnage building on the sea coast is suitable for the deep sea 
carrying trade. 


I.—FREIGHT STEAMSHIPS AND MorTorsHIPs. 


Gross 

Number Tonnage 

Albina Machine Works, Portland, Ore.......... Ls cas 6 21,800 

American Shipbuilding Co., Cleveland, O.............. 54 142,600 

Ames Shipbuilding & Drydock Co., Seattle, Wash...... 12 105,600 
Baltimore Dry Docks & Shipbuilding Co., Baltimore, 

Bethlehem Steel Co. (Maryland Shipbuilding Plant), j 

Chester Shipbuilding Co., Ltd., Chester, Pa............ 8 43,600 
Clooney Construction & Towing Co., Westlake, La.... 1 4,200 
Columbia Shipbuilding Corporation, Portland, Ore.... 9 51,570 
Wm. Cramp & Sons Ship & Engine Building Co., 

M. M. Davis & Son, Solomons, Md...............0205 1 1,000 
J. F. Duthie & Co., Seattle, Wash................e00e 7 40,110 
W. & A. Fletcher Co., Hoboken, N. 
Fore River Shipbuilding Corp., Quincy, Mass.......... 7 51,900 
Great Lakes Engineering Works, Detroit, Mich........ 29 116,200 
Harlan & Hollingsworth Corporation, Wilmington, Del. 7 19,330 
Manitowoc Shipbuilding & Dry Dock Co., Manitowoc, 

Mathews Shipbuilding Co., Hoquiam, Wash........... 4 5,800 
Merrill-Stevens Co., Jack sonville, Fav. 1,700 
Moore & Scott Iron Works, San Francisco, (30) Saree 7 63,500 
Samuel L. Moore & Sons Corp., Elizabeth, N. J...... 2 5,230 
— News Shipbuilding & Dry Dock Co., Newport 

New York Shipbuilding Corp., Camden, N. J.......... 16 115,200 
Pacific-American Fisheries Co., Bellingham, Wash..... 6 12,300 
Pennsylvania Shipbuilding Co., Philadelphia, Pa....... 8 62,800 
Pusey & Jones Co., Wilmington, Del.................. 7 28,000 
Seaborn Shipbuilding Co., Tacoma, Wash............. 7 1,000 
Seattle Construction & Dry Dock Co., Seattle, Wash.. 9 53,900 
Skinner & Eddy Shipbuilding Corp., Seattle, Wash.... 10 57,120 
I. L. Snow & Co., Rockland, Me................0ee0ee 1 1,600 
Standard Shipbuilding Co., New York................ 9 65,700 


as “ag Island Shipbuilding Co., West New Brighton, 
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Gross 
Number Tonnage 


St. Helens Shipbuilding Co., St. Helens, Ore....... ree oiti2 1,950 
Sun Shipbuilding Co., Philadelphia, 8 53,200 
Tampa Shipbuilding & Engineering Co., Tampa, Fla.. 2 7,000 
Texas Co. (Bath Yard), New York.................. 2 12,000 
Toledo Shipbuilding Co., Toledo, O............200000 12 31,100 
Union Iron Works Co., San Francisco, A SEE es 18 117,320 
Willamette Iron Works & Northwest Steel Co., Port- 

Winslow Marine Railway & Shipbuilding Co., Sane 

Taste 
Gross 
Number Tonnage 
American Shipbuilding Co., Cleveland, O.............. 1 5,200 
Baltimore Dry Docks & Shipbuilding Co., Baltimore, 
Bethlehem Steel Co. (Maryland Shipbuilding Plant), 

Sparrows Point, 2 18,400 
Chester Shipbuilding Co., ge Chester, Pa........... 7 38,500 
Wm. Cramp & Sons Ship & Engine Building Co., 

W. & A. Fletcher Co., Hoboken, N. 
Fore River Shipbuilding Corp., "Quincy, Mass.......... 4 26,712 
Great Lakes Engineering Works, Detroit, Mich........ 1 2,200 
Harlan & Hollingsworth Corp., Wilmington, Del...... 4 25,305 
Merrill-Stevens Co., Jacksonville, Fla.................. 3 1,600 
Moore & Scott Iron Works, San Francisco, Cal........ 1 10,000 
Newport os Shipbuilding & Dry Dock Co., Newport 

New York ‘Shipbuilding Corp., Camden, N. J.......... 7 53,688 
Pennsylvania Shipbuilding Co., Philadelphia, Pas is 6 30,000 
Riter-Conley Manufacturing Co. (Baltimore Yard), 

Skinner & Eddy Shipbuilding Corp., Seattle, Wash.... 3 19,800 

- Sun Shipbuilding Co., Philadelphia, Pa............... 2 14,200 
Tank Ship Building Corp., Newburgh, N. Y.......... «66 12,000 
Texas Co. (Bath Yard), New York... .......... ae. 2 12,000 
Union Iron Works Co., San Francisco, Cal........... 11 18,760 

Taste AND FREIGHT STEAMERS. 
Gross 


Number Tonnage 
Wm. Cramp & Sons Ship & Engine Building Co., : 


Harlan & Hollingsworth Corp., Wilmington, Del....... 2 13,400 
New York Shipbuilding Corp., Camden, N. J......... gy 8,000 
James Rees & Sons Co., Pittsburgh, Pa............... 1 460 
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Taste IV.—Wooven ScHooNERS AND AUXILIARY SCHOONERS. 


Gross 
Tonnage 
Atlantic Coast Co., Thomaston, Me................005 4,800 
G. S. Baxter & Co., Jacksonville, Fla.................. : 3,300 : 
Bean Shipbuilding Co., Camden, Me.................. 3 3,600 
Benicia Shipyards Co., Benicia, Cal................. sEag 2,500 
F. S. Bowker & Sons, Phippsburg, Me.................. 2 1,250 
Brunswick Marine Construction Corp., Brunswick, Ga.. 5 9,550 
Brunswick Shipbuilding Co., Brunswick, Ga........... 1 750 
Clooney Construction & Towing Co., Westlake, La..... 7 4,756 
Francis Cobb Co., Rockland, Me...........cecceceeees 3 2,747 
Columbia Engineering Works, Portland, Ore......... 1 300 
G. G. Deering Co., Bath, 1 1,400 
Chas. E. Fulton, San 2 3,600 
Georgia Shipbuildin Co., Savannah, 2 1,720 
Geo. A. Gilchrist, homaston, 1 1,200 
Gray’s Harbor Shipbuilding Co., Aberdeen, Wash..... 6 14,400 
Richard T. Green Co., Chelsea, | Mass. nie 1 1,300 
Hanlon Dry Dock & Shipbuilding Co., Oakland, Cal... 1 3,500 
Hillyer-Spearing-Dunn Co., Jacksonville, 1 780 
Howland & Nelson, Beaumont, Tex................. 2 2,000 
Kruse & Banks, North Bend, Ore................00005 5 7,000 
McEachern Ship Co., Astoria, Ore...............005. 7 12,200 
Palmer Shipbuilding Co., Noank, Conn................ 4 10,000 
Peninsula Shipbuilding Co., Portland, Ore............ 4 6,400 
Percy & Small, Bath, eee 3 3,825 
Henry Piaggio, Orange, 5 10,400 
Puget Sound Bridge & Dredging Co., Seattle, Wash... 3 7,500 
Read Brothers Co., Fall River, 2 2,200 
a Engineering & Construction Co., Savannah, 

Sayer Bros., Millbridge, 1 600 
Schultze Shipyard, San Francisco, Cal................ 1 200 
Seaborn Shipbuilding Co., Tacoma, 3 5,700 
Sharpstown Marine Railways Co., Sharpstown, Md.... 1 1,100 
Slidell Shipbuilding Co., Slidell, La................... 4 4,600 
Standifer-Clarkson Shipbuilding Co., No. Portland, Ore. 2 2,950 
St. Helens Shipbuilding Co., St. Helens, 2 3,270 

W. F. Stone Shipyard, Oakland, 5 4,350 
D. Storey, Essex, 5 1,165 
Townsend Marine Railway & Construction Co., Booth- 

Washington Shipping Corporation, Seattle, Wash...... 4 10,000 
Wilmington Iron Works, Wilmington, N. C........... 2 4,000 

Taste V.—MIsceLLANEous Crart: Barces, Licnters, Car Erc. 

ross 

‘ Number Tonnage 
American Bridge Co., Pittsburgh, Pa................. 93 44,942 
American Car & Foundry Co. (Jackton & Sharp Plant), 

American Shipbuilding Co., Cleveland, O.............. 2 700 
Wm. H. Baldwin, New Baltimore, 2 199 


Baltimore Dry Dock & Shipbuilding Co., Baltimore, Md. 1 145 
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Gross 
Number Tonnage 

Bath Iron Works;-Bath, Me. 1 650 

Clooney Construction & Towing Co., Westlake, La.... 11 

Coastwise Shipping Co., Baltimore, Md 

Cowles Shipyard Co., Buffalo, N. Y 

M. M. Davis & Son., Solomons, Md..... 

Dubuque Boat & Boiler Works, Dubuque, Ia..... Hea 

W. & A. Fletcher Co., Hoboken, N. J 

Great Lakes Towing Co., Cleveland, O 

Hillyer-Spearing-Dunn Co., Jacksonville, Fla 

Kelly-Spear Co., Bath, Me 

B. P. Lanteri, Pittsburg, Cal 

Manitowoc Shipbuilding & Dry Dock Co., Manitowoc, 


McAteer Shipbuilding Co., 

Mathis Yacht Building Co., Camden, N. J 

New York Shipbuilding Corp., Camden, N 

Pusey & Jones Co., Wilmington, Del 

James Rees & Sons Co., Pittsburgh, Pa 

Rohde & Sons Co. Shipyard, Baltimore, Md 
Southern Transportation Co., Chesapeake City, Md.... 
Spedden Shipbuilding Co., Baltimore, Md........ Seite 
Texas Co., Bath, Me 

E. J. Tull, Pocomoke City, Md 

Union Iron ‘Works Co., San Francisco, Cal.. 


—From ‘‘ Marine Engineering.’’ 


INTERNAL COMBUSTION ENGINEERING. 


TREATMENT OF HYDROCARBON FUELS* 
By H. G. CuHatain, 


After many other types of carburetors had been tried and failed, during 
several years of the early development of the liquid-fuel engine, the jet 
carburetor was brought out. This device had for its basic principle of 
operation the issuing of one or more small streams of gasoline into a 
rapidly moving mass of air. The inertia of gasoline in conjunction with 
the moving body of air possessed sufficient force so that the liquid was, 
strictly speaking, mechanically broken up and turned from a liquid into 
what might be termed a fog. 

The design of this apparently simple piece of apparatus is indeed very 
complicated—so much so that in over twenty years with innumerable 
intelligent investigators working on the problem, it is still, although prac- | 
tical, far from being a comparatively perfect piece of apparatus. 

It is well known that the gas formed by the mixture of air and gasoline 
fog is as highly explosive as possible when it is composed of 15 parts of 
air to 1 part of gasoline. This is proportioned by weight at atmospheric 
pressure. Above or below this figure the carburetion is not so good. 
Explosion, it is true, may occur, but its effect becomes mediocre, and ob- 


* Abstract from a paper presented at the meeting of the Metropolitan section of the 
Society of Automotive Engineers, New York" City, May 17, 1917 
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viously the power. of. the engine falls off. disproportionate mixture 
may be carried to such,a. point that explosion does. not.occur.at.all, 


RATIO VARIES WITH THE COMBUSTIBLE USED. 


It is well known that the ratio 15 to 1 varies with the combustible used. 
For example, it is necessary to have 15 parts of air to 1/of gasoline, but 
only 9 parts ofiair'to part of. ethyl alcohol, 7 parts of:air'to 1 part of 
methyl alcohol, and so on for the various fuels, Therefore, if the car- 
buretion of the air by the fuel-is to be'as good as possible, it is necessary 
that the proportions: mentioned kept “constant through the) ‘range of 
speed, load and combinations of the motor. The changes in speed and in 
load produce a radical varying effect upon the carburetor, as the varying 
amount of air aspirated decreases or increases the depression or drop in 
pressure at the gasoline jet. Compensating for this varying: depression has 
never been solved in an entirely satisfactory: manner. 

The first question that has confronted the constructor has always been 
this curious feature of the carburetor; that is, to find a practical mean 
between gasoline and air at various speeds, loads and combinations: The 
operator cannot be asked to make running adjustments by hand, therefore 
it is necessary, first,'to finda means to make permanent the’ proper: ratio, 
and, second, to charge the motor with keeping this permanency of mixture. 
«It was at first thought that this ‘ratio of: 15 to 1 would*necessarily stay 
constant, even with: the variations: in the functioning: of: the: motor,:'and 
that the relative value of the depression caused by the aspiration of the 
motor- would remain constant with relation to the gasoline and keep the 
prover pel orifices the air and- gasoline ito: remain 


This: assumption was: an error, . Air: is a gas: gasoline isa ‘hiquid 
therefore the masses of the two bodies are not equal, and consequently the 
inertia of each is unequal. After the liquid is put in motion by the de- 
pression in the intake pipe, it-has an inertia greater than that of air; there- 
fore the liquid: will: continue to come: out’ of the orifices’a moment or two 
after the load «has been thrown off or the speed of the motor reduced, 
while, onthe: contrary, the air issuing through:the orifices in the vicinity 
of the gasoline jet ceases instantly, or nearly so, upon the reduction of 
speed or load of the motor. 

The permanency of the ratio would eniat ‘without any special apparatus 
if we were oa tke on two gases; for instance, air and illuminating gas 
or natural he' mixture of the two gases would have an inertia 

uite the oy and they would come out of the respective orifices in a 
xed proportion, once‘they were adjusted for various speeds and loads of 
the motor. 

The conclusion was arrived. at that with this type of carburetor some 
device would have to be utilized to admit more or less ait and thereby 
increase or decrease the depression in the intake pipe, so as to keep the 
ratio in the proper proportion. Hand regulation of the device mentioned 
was at. first resorted to, but this was found to be impracticable; as one 
never knew exactly when the carburetor was adjusted so‘as to maintain 
the proper proportion of 15 to 1, with the net result that at times the 
engine ran properly, but oftener it did not. 

“It is probable that the market price of gasoline has ‘been, up to the 
present year or so, comparatively so’ low as to discourage ‘endeavor in the 
field of utilizing kerosene or heavy hydrocarbons such as fuel oil, various 
crude petroleum, tar oil; etc.’ However, conditions are ‘changing and will 
change so as to make it’ ‘imperative that some other’ combustible than 
gasoline be used. Since most ‘lines of ‘endeavor are conducted along the 
path of ‘least ‘Fesistance, it ‘would: seem. that the next combustible to be 
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utilized will be kerosene. This hepa A ‘us to a consideration of what has 
actually been accomplished in the utilization ‘of kerosene. = 


DEVICES FOR CARBURETING WITH “KEROSENE. — 


The demands to solve the problem of utilizing kerosene have ne in 
certain distinct types of devices, which are as ‘Sliema 

1. The commonly accepted type of gasoline-jet carburetor with heat ap-. 
plied in various ways: (qa) To ti the fuel itself; (b) to the air; (c) heated 
jacket; (d) heated jacket plus heated intake pipe. 

2. Devices that will partly burn the fuel before it is admitted to the an- 
take pipe, forming» a more or less fixed gas intermingling to a greater or 
less extent with the vapor of the combustible. 

3. Devices that admit the combustible in the cylinder direct, the valves 
of the motor being so regulated as to cause a partial vacuum in the. 
cylinder prior to the admission. of the combustible. 

4. Where the combustible is impinged, | by means of a pump or otherwise, 
directly upon a hot surface in ii:¢:interior:of the cylinder or a chamber 
adjacent thereto. 

5. Devices that raise the temperature of the ‘comblsatihie to the. boiling 
point, producing vapor but in no sense of the word a fixed gas. 91 

1. To criticize the endeavors formulative of the first group is a» com- 
paratively simple matter. Primarily, the forces manifest in the gasoline 
carburetor are absolutely insufficient to turn kerosene into a fog, or: rather 
put it in a condition such that it would commingle: with the oxygen) in 
the: cylinder and: be readily inflammable. Secondly, the source of: supply 
of the heat is inconstant and is difficult to regulate. Its. action lags; that 
is to say, when a sudden demand is made upon the motor for increased 
combustible, the heat requisite is. not available until. the combustible is 
actually burnt, therefore: sudden variations in load and speed cannot: be 
well taken care of by this process. 

In starting the motor it is necessary to derive heat: from am exterior 
source. This is inconvenient, however, and for stationary engines, certain 
classes of boats, or other. applications, where a skilled atten is’ avail- 
this ‘ype of device has: and is having success. 


FIXED-GAS TYPE or CARBURETOR, 


2. The second type, or what. might briefly be called the fixed-gas type, 
presents many attractive features. In starting all that is necessary is to 
ignite, by means of a wick, part of the combustible, no other preheating 
being necessary. With proper regulation of the amount of fuel actually 
ignited and —— upon the aspiration of the motor, a reasonably, per- 
manent n be formed and regulated under the adverse conditions 
under w catia #3 are working. The writer has operated a device of this 
character in extremely cold weather with gratifying results. We certainly 
may look forward to “rarther developments. 

3. A device utilizing this principle was exprrimentad with to some extent 
by the writer, and although it was possible to start an engine cold, the. 
cycle of events occurring in the. cylinder was so divergent from normal, 

owing to the very late opening of the intake valve, that the experiments | 
were discarded, and no great amount of work was done along these lines; 
also for the reason that the scheme introduced what. appeared to be ex-. 
cessive complication. 

4. This method of utilization of combustible i is a wel known.. ‘Tt has the, 
insurmountable fault that it is necessary to preheat the engine; this, it 
would appear, can be done in a practical manner only by means of some 
form of blowtorch, requiring several minutes to. heat the parts sufficiently 
to make starting certain. If a multicylinder engine, such ‘as the ‘Prevailing 
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types of the day, were used, the complication and trouble would make the 
scheme highly undesirable. 

5. About the same criticism can be made for this scheme as for No. 4. 
It is hardly worthy of further investigation for our purpose. The idea has 
about, all of: the attendant disadvantages of ‘the steam boiler with a few 


In pussitig from the utilization: of kerosene, the next logical step is to 
the very heavy hydrocarbons, and although there is still a great deal to 
be accomplished in this field, much has already been done. 

For comparatively large powers and for diverse purposes the high- 
compression oil engine (an engine in ‘which the compression goes to 500 
pounds per square inch or thereabouts) ‘is ati accomplished fact, hundreds 
of thousands of horsepower being in ‘daily use throughout the world. A 
brief description of its principle; but only a brief description, is in order.’ 

The four-stroke cycle and the two-stroke cycle are used, and'each has 
its: advocates who claim their respective superiorities. Pure air is taken 
or admitted to the interior of the cylinder. This is compressed to 500 
pounds per square inch or thereabouts, and at a point approximating the 
upper dead center of the piston or’ slightly before, fuel is injected in the 
form of .a fog or fine spray, and upon coming in contact or commingling 
with the highly heated air in the interior of the cylinder, inflammation 
results, This obviously increases the temperature of the air, which’ in 
turn is expanded. 

Up to the present time, of all the devices used in rendering the com- 
bustible fit for consumption, the’ accepted form is the air injector. The 
function of the’ injector is to receive a definite quantity of combustible’ per 
cycle, which is usually propelled'to the injector by means‘of some’ form of. 
pump. It isiimmaterial at'what portion of the working cycle of the engine 
this: oil ‘is delivered to the injector, provided it goes there in the proper 
quantity and in'synchronism with the rotative speed. The quantity 
function of the load on the engine. ‘To this same injector device air is led 
from a pump or suitable ‘container under pressures varying’ in practice 
usually from 800 to 1,300 pounds per ‘square inch. 

‘The injector ‘is also equipped with a cam- or otherwise-setunted? needle 
valve. This needle valve being opened on or slightly before the upper 
dead center of the piston is reached, permits the contents of the injector 
to come out in the form of fog or fine spray. Another part of the in- 
jector of great importance is known as the flame plate. -Its function is to 
divert in the proper direction the incoming spray, or fog, from the in- 
jector. This is usually. accomplished by -one or ‘several small holes of 
suitable size pointing in the proper direction. 


PROPER DIRECTION OF THE INCOMING SPRAY. 


_ This pointing in the proper direction brings up a very important feature 
in regard to utilizing combustible in this manner. It is essential that the 
entire combustion chamber be filled simultaneously or as nearly so ‘as 
possible, with the combustible. If the flame plate was arranged to dis- 
tribute the combustible in only! one-half of the cylinder, the power and’ 
output of the engine would go down to an appreciable extent. In this 
respect I wish to emphasize that the high-compression e ae is distinctly 
different from the engines utilizing fuel that has been admitted prior to 
the compression stroke. In this instance the compression stroke serves 
to a great extent to thoroughly mix the combustible with the air ‘and ie 
sents a homogeneous mass at the time the inflammation is: started. e 
development of the art is such that with the injector, as described and com- 
monly: used} it is possible.to operate an engine’ at rotative speeds as ‘high 
as 550 or thereabouts. Although fulfilling my theory in regard to great 
power to destroy the viscosity of the oil, the accepted type of injector today 
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operating a 1,000-pound pressure per square inch is still incapable of fur- 
nishing the necessary force to operate properly at speeds: higher than pre- 
viously stated. 

_ The. time necessary for the oil and air to go through: the itireitous 
passages of the holes of the flame plate, all of which are apparently: essen- 
tial in the breaking up of the fuel, is excessive when we contemplate 
utilizing this device for high notative speeds or in engines for, sistomative 
purposes. 

It is essential in the design of an injector to so construct it that soil will 
make its way to the combustion chamber in advance of the injection air. 
The reason. for this will be better understood when one considers that the 
injection air is expanded from 1,000 pounds per square inch down to 500 
pounds, with attendant refrigerating effect, which tends to decrease the 
temperature of the immediate surrounding air and nendet combustion 
slower and less positive. 

A number of attempts have been made to discard the itjection air and 
resort to solid injection. “Nothing of this character has ever been at- 
tempted, in this country, at least, so I believe. An English firm of note, 
however, has apparently carried this line of investigation to a point where 
it is at least workable; although from reports on the subject it would 
appear that the economy of their engines is lower than is customary and 
that they do experience a somewhat smoky exhaust with attendant diffi- 
culties which result from imperfect combustion. 

In regard to internal-combustion engines of the: highpabeigtetsion type 
there is, one very important feature which apparently so far has not been 
given a:great deal of thought; that is, with the most approved type of: in- 
jector. and, all in excellent operative condition; it is still mecessary to have 
some 40. to 50 per cent. excess air in the cylinder: to produce perfect com- 
bustion. , If the engine is overloaded, smoky exhaust is produced, meaning 
that the inflammation. is not completed during: the working stroke. Ob- 


_ viously this is a waste of fuel, not to mention the detrimental effects upon 


the mechanical parts of the engine. This is indeed a most important point, 
because if a greater percentage of the-air which is taken: im per cycle 
could be carbureted. and utilized, the size of the engine could be ‘reduced. 
I have long believed that a big step in advance is due and is coming when 
other means is devised for subdividing the incoming fuel into fmer par- 
ticles than is. done at present, permitting each tiny particle to become 
thoroughly oxygenated in the shortest possible times)...’ 

It is possible that an entirely different shaped combustion; chisiber than 
the existing types should-be used; that is, a combustion: chamber that will’ 
be constructed in a shape to conform with the jet of incoming fuel. . 


PRINCIPLES OF HIGH—COMPRESSION OIL ENGINES. 


I, have been asked: many times if it would not be possible to apply the 
existing principles of the high-compression oil engine ‘to motors that 
would be suitable for automobiles and: kindred: purposes. Invariably the 
question has; been answered, that the existing types'so far are not ap- 
plicable, but it must be frankly admitted that there is no really inherent 
reason, why such a motor could not be built. It means carrying out in a 
proper: manner the basic principles ‘underlying the existing types, but it also’ 
means a, careful study ofall the mechanical parts, and a redesign along 
rational lines of the device now used. for carbureting or breaking up’ the 
fuel.and rendering it fit. to be used in the motor. 

When it becomes thoroughly understood: that these can be made’ 
to operate for less than 14 pound of fuel per brake horsepower per hour 
and the price of existing fuels becomes higher, the Proposed. idea will 
come about.and. become a reality,. 


Some.form of two-stroke-cycle engine would ‘adapt itself better 
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class of service than the four-stroke cycle. The reason for this is that 
in the two-stroke-cycle engine of this’ category the compression ‘pressures 
used, of 500 pounds per square inch and over, would be sufficient to coun- 
teract the’ inertia of the reciprocating parts with the result that the pres- 
sures on the piston pins and-crank pins would always be downward or in 
the same direction. As this would be ‘the case, the trouble of taking up 
bearings for quiet operation would be done away with. It would‘ appear 
that it would be advisable to experiment’ and investigate along the lines of 
solid injection utilizing extremely high pressure, possibly ‘as high as 
6,000 pounds or 7,000 pounds to the square inch rather than go to the 
complication of utilizing air for this purpose, with its attendant multiple- 
‘stage compressor and paraphernalia. It is’ barely possible that experi- 
ments conducted along the line of especially preparing fuel prior to its 
use: in motor might assist in solving the 
THE SOLUTION ‘OF FUEL PROBLEM: 

the, fuel question is a. serious one) the present. but. it is imy 
ief that it is but,temporary. The he path of least resistance will undoubt- 
edly be the application and. utilization..of kerosene, not as; attempted 
through the use of existing types of carburetors, but, with a device dis- 

tinctly constructed and embodying the requisites for the. purpose.. 

When: such a., device is brought about .it will permit the. utilization of 
‘enormous quantities of this class of petroleum, which, is. now.,more or 
less a drug on the market. 

The next step, and. especially for commercial purposes, will be: the 
utilization of the heavier category of petroleum and. such other oils as. tar 
oil and oils from; the; lignites, deposits of which, in the great. Northwest 
are almost limitless, . 

It. should, be borne in.mind that in an: injector. the following, ‘qualifica- 
tions are desirable: 

Dan the, particles of oil should enter the cylinder prior to an injection 


Satie the breaking up of the fuel i is better accomplished if the oil 
meets the, injection air in some portion of the. injector ‘at right angles. A 
circuitous passage is obviously desirable, but its. resistance, should not be 
too great. in cases where a great number of injections are required: per 
minute, as this delays the delivery of the fuel to the heated. air contained 
and. also the total inflammation of ths mass.— 
“ Power.” 


SIX YEARS’ DEVELOPMENT OF THE WERKSPOOR . MARINE 
WO "DIESEL ENGINE.* 


-By THoMAS OrcHARD Liste. 


The Nederlandsche, Fabriek van Wertuigen en Spoorwegmaterieel, of 
Amsterdam, more; popularly known a3), the Werkspoor Company, have 
completed 37 marine engines for 24 sea-going mercantile ships, represent- 
ing about 36,000. H.P., at the time of writing this paper; and were one’ of 
the first ‘firms to build Diesel-type engines on an extensive scale, Through- 
out they have remained. steadfast adherents of the four-stroke: :cycle, and 
have aimed at turning out an im: post 
where steam, engines are repaired:. 


of paper communicated to the American Society of Mechanical 
arch, 1917 


NOTES. 


The Vulconus, the first sea-going full-powered ship to be propelled by 

Werkspoor engines, afforded the firm their initial practical-experience of 
marine operations, while hers. were the first Diesel engines to: have short 
pistons, crossheads and guides. The Vulcanus is a ship of 2,080 tons’ dis- 
placement and 1,235 tons deadweight capacity, and is fitted with a six- 
cylinder, ; direct-reversible, Werkspoor crosshead engine of 450 B.H.P. at 
160 r.p.m,..At the beginning, difficulties were experienced partly through 
lack of experience of the ship’s engineers and partly through her air com- 
pressors, but the engines gave very little trouble, wear and ‘tear of the 
moving ‘parts being very slight. On one. occasion a high-pressure air 
reservoir burst while the.engines were being overhauled at Amsterdam. 
Bad welding -had left a fracture, and, the: top part of the compressed-air 
bottle blew off,, The indirect cause was the accumulation of water .in the 
air retainer,, whieh had not drained owing: cracked: internal: pipe. 
This mishap led to dispensing with the welded-type air bottle, and the 
suspension of high-pressure. bottles with covers and valves downwards, 
thus effectually preventing any unknown accumulation of water. 
“For years the’ detachable cylinder-head ‘design has been the standard 
‘practice with virtually every ‘make of ' Diesel’ engine. At the inder 
‘Head—just “level ‘with the combustion“where cooling needed, there 
are few or no cooling water passages. “In ‘the ‘Werkspoor design adopted 
after experience with the Vulcanus,’there is, however, a’ complete water 
passage round the sides, as well as on‘top, of the combusion chamber, 
‘while the overhauling of the pistons is greatly facilitated by the introdtic- 
tion of a patented device, 

Radical ‘changes in design were made with the? engine: “of ‘the lider 
Juno-in 1912. The frames for supporting the cylinders were entirely dis- 
pensed with, and forged-steel columns substituted, stiffening being ob- 
tained with, and lateral stresses absorbed by, diagonal steel rods,” The 
load of tension that these rods have to take is over 130'tons per ‘tylinder, 
or about 780 tons for the 16 rods of the whole engine. Although there 
are cast-iron rods at the back of the engine, they are not sectired to the 
cylinders, but have a sliding-surface fit and carry. the crosshead guides, 
while, being hollow, they are utilized as inter-coolers for the air com- 
pressors. ey allow an up-and-down. movement of the cylinders, but 
‘side pieces prevent lateral motion. 

With the later models, the fuel-injection valve is offset from the center, 
and there is at least a space of 4 inches for cooling water everywhere in 
the cylinder head. Offsetting this valve, in contradiction to all theories, is 
proving entirely successful in actual practice. As the supporting webs of 
the cylinders occasionally cracked, they were dispensed with entirely in 
ria designs, the shape of the cylinder head being improved at the same 


‘fegard to piston cooling, Werkspoor-engined ships now use sea 
water for cooling the cylinders, pistons and bearings, as.there are not 
sufficient troubles to necessitate a change to fresh-water cooling. With 
sea water below 100 degrees F. practically no scale is deposited, and when 
it is below 70 degrees F. it is as good as fresh water; but pistons and 
cylinders must allow of no pockets, for, once scale or ‘dirt starts to de- 
posit, it quickly accumulates and so causes local temperatures. The 
present Werkspoor piston-cooling system, illustrated in Fig. 1, consists of 
a jet of water forced up through clearance tubes,’ having no’ rubbing: parts, 
but moving’ up and down with the piston to prevent splashing. The piston 
is never more than about half-full of water, the broken’ surface of the 
water being more efficient for cooling than'a solid: mass. By means of a 


simple sight system, a chokage of water Keneti at. any as can be de- 
tected instantly. OF 
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_ So far as the Werkspoor Company are concerned, the trouble with air 
compressors is a.matter of past history, In the air-compressor system 
now. adopted, the link-and-beam, operation motion is still retained... The 
high. and middle. stages. are arranged side by side, each having its own 

piston rod, while the first stage is directly below and also has its own pis- 
ey rod, In this way every. piston can be separately dismounted. All 
valves are interchangeable, 

_As a precautionary measure against crankshaft failures the size of the 
bearings has been increased, and forced lubrication for the main bearings 
‘has been installed. One camshaft is provided for running ahead and one 
for the astern camshaft driven means of, a spur 


gearing the ahead camsba fti “These ‘two ‘shafts are on 
sliding: brackets or saddles; which, when the vessel is maneuvering, slide 
to and fro and bring the ahead or astern cams under the ‘rolls of the valve 
rockers. By making the rockers unusually large, the angle of the face of 
each roller, where ‘it meets its cam, is never steep, and this produces 
smooth ‘and’ silent running. “The cams and cam rollers ‘are of cast iron, 
and the steel tubes have a saw-cut down through the center, the two 
halves held apart by’ cross-struts to eliminate vibration: i 

‘In the Werkspoor fuel-oil controlling and distributing system, illustrated 
in Fig. 2, a single pump, which supplies two distributing boxes, is a 
each distributing box having feeds to three cylinders and every feed its 
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own adjuster. To the exhaust ‘branch of each cylinder is fitted a ther- 
mometer, by which the engineer can instantly see if any one cylinder is 
receiving more or tess fuél than the others.’ As a stand-by, an extra pump 
with a single change-over device is fitted. The fuel pump feeds a’ reser- 
voir in which an air pressure is maintained ;’thence the oil passes through 
a governor-controlled throttle, a hand throttle, master valves, and finally 
into the distributors. The receiver holds enough fuel to run the engine 
for 15 minutes, so that in case of a breakdown of the fuel pump the spare 
pump can be connected up before the engine stops. The peer pump is 
made ‘from a solid steel forging; the valves are simply steel balls, and the 
gland runs in/an oil bath. 
The oil-carrying sister.ships,..Emmanuel. — and Elbruz* are each 
fitted with two reversible single-acting six-cylinder Werkspoor engines, 
driving twin screws. These vessels are 590 feet overall and have a loaded 
displacement of 9,400 tons, with cargo capacity for two million gallons of 
oil. The engines are capable-of.giving-a-total output of 2,200 B.H.P. for 
each ship when running at 125-r.p.m. The auxiliaries include a steam- 


Fic. 2.—WerksPoor FUEL-o1 CoNTROLLING «AND DistriBuTING SySTEM. 


driven dynamo, a steam-driven spare air compressor set, a 7-H.P. semi- 
Diesel Brons type oil-engine-driven dynamo, and the usual steam-operated 
pumps. The donkey boiler-has two furnaces, and the exhaust gases from 
the two main engines are led through one furnace and supply sufficient 
steam for operating the’ auxiliaries, including the steam steering gear. 
The other furnace, fitted with oil burners, is used at night, as more work 
being. required of the dynamo, there is not so much steam available for 
steering, In the daytime at sea no oil-firing is required, for-as much as 
420. pounds’ pressure can be maintained. with the exhaust gases alone, 
while usually about 100. pounds is needed, dt 23 
_ With the Emmanuel,.Nobel the recorded consumption of fuel for all pur- 
poses per 24-hour day. is 9.tons. of gas oil—814. tons, for the main motors 
and ¥% ton for the boiler. This, gives. 0.29 pound per per hour 
under average running conditions. The total, fuel consumption, including 
auxiliaries at. night,.works out at 0.32 pound per IL.H.P. per hour. .An 

illustrated technical description, of, the, Elbrus appeated Vol. X, 
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oil-fired steamship of the same power, cargo capacity and speed (1134 
knots) ‘as the Emmanuel Nobel would have a total fuel consumption’ five 


times as great. : 


An important innovation, the reversing-blade propeller, ‘has been fitted 


Fic, 4—Werxsroon Supmanine ENGINE, 


on, four Werkspoor-engined vessels recently put into service, On. these 
vessels power to reyerse and actuate, the.mechanism, is furnighed by.the 
engine itself, . By interconnecting ‘the throttle directly’ with the. propeller 
mechanism, the strokes of the fuel pumps are automatically reduced and 


increased by the mere _— of throwing the blades into the central position 
or by. reversing them. The advantages accruing from the adoption of this 
system are obvious. 

Fig.. 4 illustrates a new Werkspoor submarine ,motor. that. shows . a re- 
markable advance in design and cons‘ruction, and is, perhaps, the most 
simple Diesel engine ever built. On the test bed of the Werkspoor shops 
at Amsterdam there was,.at the time of writing this paper, a six-cylinder 
submarine set designed to- operate at from 400 to 450 r.p.m on the four- 
cycle principle. It can develop 500 B.H.P;: when’ running at 400 r.p.m., 
and is capable of a considerable overload This ‘set only weighs about 12 
tons without flywheel, which. the author believes.is lighter than any exist- 
ing two-cycle Diesel submarine engine of similar power. Instead of 
cylinders of the ordinary. type, there is a long cast-iron box, running the 
length of the engine, into which the cylinders are placed from below and 
held in position by.a-flafige-—The-cylinder and cylinder heads are in one, 
thus affording a large water-cooling space over and around the combustion 
chamber. The cylinder box is connected to the bedplate by steel rods 3 
inches in diameter, thus taking all strains from the bedplate. In conse- 
quence each bearfng is: Stispended directly. from-the cylinder, which en- 
ables the bedplate to bé made from light Asiestes ; bearing blocks con- 
nected by caniatent girder beams along the dispensing entirely 
with a cast-steel,' iron or: bronze bedplate. collect the oil from the 
working parts, the bottom: of the engine ;is enclosed: by a steel plate 1% 
inches thick. ~The runing € gear is entirely encl@ed by steel plates which 
are easily detachable. 

Each working cylinder of? this engine is in two. parts, the napet 
part being cast in one oe with; the. cy air ‘head, while the lower = 
is detachable and. the pistons to removed very quickly. The 
valves are closed by sdd-atesd springs, which~give less vibration and 
take less height. Only three springs are reqtired for two cylinders. In 
the air-cooling device adopted, the air aspired by the down-stroke of the 
main piston is drawn by suction through the cylinder box from the upper 
part of the crank case and is replaced by cool air blowing through the bent 
pipes. In order to ovércome the valve difficulty sometimes experienced 
with air compressors, a special valveless three-stage compressor has been 
designed, and this is! sitttated at the forward end of the engine. The 
three stages are driven by three cranks having angles of 120 degrees to 
each other. Each cylinder has inlet ports at the bottom, and the low- 
pressure and middle-pressure cylinders have an_ outlet hole at the end, 
while the high-pressure cylinder has an outlet valve at the top where it 
can be easily taken out if necessary. 

* * * * * * 

The author is of the opinion that-in six or seven years from now every 
new cargo ship of under..10,000 tons displacement will be equipped with 
internal-combustion engines ‘of the crude-oil _type, except in a few rare 
instances where special circumstances of service will causé steam engines 
to be the only machinery.—“ The Shipbuilder.”” 


LARGEST AMERICAN MARINE DIESEL ENGINE INSTALLA- 
- TION PROVES SUCCESSFUL. 


The largest Diesel engined-motorship so far built in the United States 
is the twin-screw naval collier 14,500 displacement, pro- 
pelled by two single-acting two-cycle Di iesel engines of 2,600 shaft ‘horse- 
Now York" each ‘The engines were built by the’ machinery. division of the 

ew York ‘Navy Yard,‘ Brooklyn, “in accordance with Ofiginal 
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signs secured from the Machinen Fabrik Augsburg Nurnberg, Germany, 
through the New London Ship & Engine Company, Groton, Conn. Each 
set of engines has six cylinders with.a diameter of 25.2 inches. anda stroke 
of 37.37 inches. , A‘ « normal speed. of..130 revolutions per minute the 
Saget. are designed to give the ship.a speed of 14 knots. 
ince the Maumee was completed last December the vessel has been in 
active service for five months, and during that time has made 18,000 miles 
without a hitch. The engines have proved very satisfactory in service, 
and have been ready to respond to any emergency. The only defect that 
has developed has been the cracking of some of the cylinder. jackets, 
which is apparently due to lack of sufficient clearance between working 
liners and jackets. It is thought that additional clearance can readily 
and that, when this: i done the engines will. be. ready. -for: any 


The. fuel economy is excellent, ‘the consumption being: less than navel 
that_required for the most economical steam. plants, Ordinary navy fuel 
oil is used. The _consumption is. 5. pound of, per ‘shaft|-horse- 
power for all purposes... 

The engines handle very well, and, as. the. Maumee.i isa engaged 
in service that. requires repeated going alongside of we, 
the handling requirements are particularly severe. + 
_. The overhaul and upkeep requirements have been very menger,: and but 
for the cracked castings have been.attended to for five months’ continuous 
Tunning by the ship’s facilities.. The cost of the upkeep. is apparently con- 
siderably less than for a steam plant of the same = and similar service. 
operating personnel. is also required... 

e weight of the installation is about the same as for a triple-expansion 
teciprocating steam plant, but, owing to the fuel economy about: 7 per’ cent. 
additional cargo-carrying capacity is: available. 

* The actual performance of the Maumee’s engines ‘has demonstrated 
fi large Diesel engines present fewer difficulties in service than do small 
or medium installations, and there are no apparent reasons why the 
power bal cylinder on the Maumee (about 500 horsepower) should not be 
doubled with entire success. This indicates that Diesel engines of 5,000 
horsepower per engine are an entirely feasible proposition, i 

For cargo boats operating in localities where fuel oil is available, the 
Diesel engine admittedly has great advantages. The extra first cost can 
very likely be made up in the first year’s operation. Certain special advan- 
tages of the Diesel installation may be mentioned, as follows: 

(a) The engine is ready to move in a few minutes, 

(b) Full power either ahead or backing is available any time... 

(c) No smoke or cinders; hence extreme cleanliness can easily be main- 
tained (a particular advantage for passenger ships). . 

‘(d) Regulation of speed is: much easier and certain. 

(e) All stand-by losses are eliminated. Fuel consumption wR ‘and 
ceases with the movement of the engines——“ Marine Engineering.’ 


RELIABILITY OF LARGE DIESEL ENGINE-DRIVEN VESSELS 
"SHOWN BY PERFORMANCE OF MOTORSHIP SEBASTIAN. 


The Diesel-driven motorship ‘Sebastian (7,200 ‘tons: was 


placed in service at the end of last June, since when, she has covered 
approximately 40,000 nautical miles at an, average speed of almost 9 
without .a single ‘breakdown, cylinder crack, or. piston crack, 
crack, crankshaft fracture, etc,, although, she. has been, worked in 
heaviest of Atlantic winter weathers... | 

The total number of engine stops at sea (accessory adjustments only), in 
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nearly ten months amount: to four hours with one engine and five hours 
with the other engine, also six hours with one engitie when salt water got 
into the lubricating oil and had‘to be cleaned’ out. The mileage covered 
would have been about 3,000 miles greater had she not been held up in 
England for fifteen days having certain alterations to her deck ‘structure 
previous to her last recent voyage to New York. 

Fuel consumption of the two main engines together has averaged under 
6 tons (42 barrels) for 24 hours, with the engines averaging a fraction 
under® 1,000 indicated horsepower each at 115 revolutions per minute. 
This figures out at 0.27 pound per indicated horsepower hour, or just over 
0.4 pound per mats horsepower. In her holds she carries ‘4,100: tons of 
cargo. 

On the last voyaie to an American port both her Diesel engines ran for 
sixteen days and nights without a single stop, voluntarily or. otherwise, 
averaging 8.8 knots in’ most heavy and ‘adverse winds. 

In nearly ten months the main bearings have worn down 1/128th part of 
an inch. The crankpin bearings, although opened out for examination at 
regular periods, have only been readjusted once in ten months, the wear 
showit ten millimeter. The crosshead bearings have been readjusted to 
0.3 millimeter in the same ‘period. Compressor piston rings are the same 
which came out with the ship, and show hardly any wear af‘all:' A few of 
the main piston rings have been renewed, but this has been mostly due to 
‘breaking them when springing them o the pistons for cleaning purposes. 
-The cooling pump valves are ‘as good’ the day they were put in, some 
ten’ months ago. 

Furthermore, the Diesel engines, Atich were built by Werkspoor of 
Amsterdam, were not run or tested in the shops. ‘They were built, sent to 
England in packing’ cases, and installed in the’ Sebastian, ‘which was given 
a few hours’ sea trial, and sent on her ‘maiden voyage, arriving in New 
Yorkin sixteen days. 

The ownerfs of the vessel are Lane & Macandrew, of London.’ Alf'the 
engineers of this ship state that their work at sea is far less arduous than 
that‘ aboard a steamer and that they have little to do other than ‘watch 
the lubricating’ oil. 

Diesel engines have enormous reserve emergency power, ‘which can 
instantly be developed by increasing the pressure of the injection-air, and 
the chief engineer of the Sebastian considers that if chased by a’submarine 
he could obtain for a few hours’as much as 1,500 ‘indicated horsepower 
per engine, although the builders’ rating is 1,100 indicated horsepower at 
130 revolutions per minute. Although passing through the war zone a 
motorship is nearly immune from submarine attacks because of the ab- 
sence of smoke from her funnel, so that three miles away she is not 
visible to the periscope of a submarine in average weather, whereas’ ‘the 


smoke of a steamer’ gives’ ‘the U boat’ about twenty miles’ radius.— 
* Marine 


Mi 


LOSS OF THE MOTORSHIP SEBASTIAN. 


The following letter-appeared iil the “ Shipying? Illustrated Muy $6: 

“After a most successful career since her conversion to four-cycle 
‘Diesel power, the British oil tank motorship Sebastian was, as mentioned 
in your last issue, destroyed by fire and sunk in 200 feet of water off 


Nantucket Shoals while en route for Europe. Under :no circumstances 


‘should ‘this accident be used for the purpose of derogatory argument 
against the ‘construction: and use of Diesel motorships, for manifestly a 
motorship using crude-oil fuel without the use of exposed flame is far 
more safeand free of ‘fire danger than an oil-fited steamer. 
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_ “Since the war many Allied steamships have had. mysterious. fires while 
lying in American harbors, or shortly after. leaving port, and likewise the 
recent burning of the tanker Sebastian is surrounded in mystery; but 
certainly the fire cannot have been due to the Diesel principle. The mat- 
ter, however, is most regrettable, particularly as she has been. a,most 
di vessel since her conversion, she having kad no engine repair- 
ill, 

“The writer has made every effort to secure an absolutely impartial 
report and has had interviews with both the chief engineer and the cap- 
tain. It appears that the chief engineer, when in his cabin, noticed by the’ 
sound that one of the engines had stopped and that the other was slowing 
down. So he quickly went dowp helowcand noticed that the fuel-oil had 
started to overflow from the filter, which is mounted on a grating over the 
engines, and the fuel-supply bottles that are suspended on a balance, had 
run dry Larotse due to a chokage between the filter and the reservoir 
supply-bottles). The fuel-supply bottles running dry, of course, stopped 
and slowed down the’ engines respectively:: Suddenly there was a tre- 
mendous flash of flame and the entire engine-room was on fire, the fire 
instantly spreading across in a big blaze. 3 

“Now, the engine exhaust-pipes and the short extensions to each 
cylinder-head were lagged with asbestos, with the exception of three ex- 
pansion joints on the exhaust-pipes and the flanges connecting the exten- 
sions to the cylinders. 

' “This fully indicates ‘that the fire had absolutely nothing to do with the 

Diesel engines} because the exhaust temperature could not possibly “have 
been sufficiently hot to ignite fuel-oil, and nowhere could there have been 
an exposed flame from the engines. To the writer it seems that there 
must have been some enemy’ plot that was arranged ‘either before the ship 
left port or while the ship was at sea. Probably some highly: inflammable 
chemical’ or gasoline: was: mixed: with the fuel-oil before or»after it was 
put in the bunkers. That the fire should have extended all over the 
engine-room ‘adds to’ the mystery. : 

“The mean ‘temperature of the exhaust gases of the Sebastian’s engines 
under normal full-load conditions is about 700 degrees F., whereas when 
the accident occurred one engine had stopped owing to a stoppage of the 
fuel: supply, and! the other had slowed down, so that the exhaust-gas 
temperature must have been very low when the fire started. There was 
no ‘electrical: sparking:‘device on the engines to start a fire. 

‘““Mr. ArthurWest, chief engineer, of the Bethlehem Steel Co., has’ 
since made*some tests with a high-powered gas engine at their works. 
While the engine was running at.a big overload and: with high exhaust-. 
temperature, fuel-oil of 33.degrees Baumé at 75 degrees F. (solar-oil' was: 
the residual fuel:used by the Sebastian) was poured over the naked un- 
cooled exhaust-pipe, close to the cylinders; but under no circumstances: 
could they produce ‘a flame—just a’ smoke, that’s: all! Kerosene then was 
tried with exactly the same results. 33 

“ Now this test was very severe, as it was made with an engine running 
at an overload and without an asbestos covered or water-cooled exhaust- 
pipe, so it is obvious that the residual-oil fuel known as ‘ solar-oil’” running 
on to the exhaust-pipe, or any other part, of the Sebastian’s engines could 
not have caused the fire and so supports my theory of a plot. No en- 
gineer of common sense would consequently blame the Diesel principle as 
the cause’ of the: fire. 

»“However;:the position of the fuel-filter on a grating; over the engines 
was not a good one, and:here it may be mentioned that! the builders. of the 
engines did noticarry out the installation: The ship was not. a new one, 
and the Diesel engines were fitted in» rather a small space at: the stern, 
which probably accounts for the position of the fuel filters, and they 


. 
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should have been arranged elsewhere. Most of the old steam auxiliaries 


were retained, and at one end of the re seamen r= was an oil-fired donkey- 
poeeny but whether this’ boiler had anythi g to do with the fire I do not 


“On her last voyage to New York, the Sebastian’s engines both made 
a‘16-day run without stopping, even for a few minutes, averaging 8.8 
knots in heavy weather, although three of the assistants in the engine- 
— had never before been to sea in a motorship, which fact speaks for 


AERONAUTICS. 


A FRENCH AVIATOR’S MESSAGE TO AMERICA* | 
By Lizur. pe LA GRANGE, oF THE FRENCH Com Mission. 


At this time, when you are preparing to. make the greatest effort in 
aviation that has been made,so far by sme ra I would like. to tell 
you why I have such confidence in your undertaking and what great. results, 
one has a right to expect from..it. 10 

I know that in a country where aviation, as a military arm, has been 
ignored. until now, it. seems inconceivable to certain people that, such 
formidable amounts ‘of money have been asked: to carry. out the. program 
which your committee has mapped. out. I-am.not surprised. that. some 
people have. honestly asked themselves if it would not be a mistake to. 
expend so.great a part of the industrial and military effort of the United 
States: in-aviation. . to tog 4 

It is: you; gentlemen, because you have a better. knowledge .of: the situa- 

tion than anyone else, who will have to say again and again. that no. 

sacrifice will be in vain to secure the mastery of the air, You, yourselves, 

psi be absolutely convinced of this, so that you-in turn :may convince 

_ This. warhas been full of surprises.| At first the Germans took the 
initiative, using methods which were convenient for them and) suited - 
their temperament; but during the short period when the Germans were 
compelled to fall back on the: Marne, the war was. directed. by the Allies,. 
Since then, however, the Germans, aided by their efficient methods— 

fruit of long years’ labor—have given the war a defensive character. This 

is the reason why none of. our offensive moves. so. far have been com- 

pletely successful. Whenever the armies have met in the open the Allies: 
have had the upper hand, but they have been unable to pursue the advan- 

tage, for, sooner or later, they were checked by that formidable array of, 
all the arms that modern science has: invented. Fortunately, there are two 

domains where, if they truly wish, the Allies can reign supreme: the sea 

and the air. 2 

I will not talk of the naval campaign. That is not my specialty. But in. 
all which concerns aerial warfare I am thoroughly convinced that we must: 
work with supreme energy, and that there the United States can play a. 
great part. In this direction the enemy can do nothing to bar our way. 

The enemy may prefer to fight on land with mine and shell, burrowing 
themselves into the ground, rather than struggle in the open, in the good 
French way, facing each other. In the air, at least, they must fight man 
to man,’ or acknowledge themselves defeated. The air belongs to every- 
one, or rather to him who knows how to conquer it witha high hand. 
There traps do not exist, nor hidden machine guns, nor other‘ obstacles 


* Address delivered to the S. A. E. at Washington, June 26. 
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that warp the conditions of the fight. In the sky there are two men, 
armed alike, who fight like knights of old in their tournaments. It is 
the bravest and the quickest who wins, and when he has won, the sky, 
German as well as French, is his. 

You understand the beauty of this strugite: 7 in which ‘all is beautiful, 
even death. Is there any death more beautiful and clean than that of the 
aviator, struck down in loyal combat, by a bullet? The French love the 
risk and the danger, they play the game well, but they hate treachery.’ It 
is the same with the American. Yes, when our pilots’ and their brave 
English comrades appeal to young America, they know that it is filled 
with courage and high ‘ideals. 

Those who give themselves up to the skies of Fraticé i in 1918 will take 
part'in a great battle, the prize of which will be the supremacy of the air. 
If we lose, our military operations will be ‘hindered; and our towhs, ‘whose 
sons ' have given their lives in defending them, will be a constant prey to 
the destruction wrought by German aviators. If we win, the field will be 
cleared for our enterprises. Our armies will regain complete liberty of 
movement, while the German army will ‘be deprived of its most precious 
source of information. Moreover, it will give us a chance to ‘push the 
war into’ enemy territory: Our bombing squadrons. will harass reserve 
forces continually, and attack all the important strategic points behind the 
lines, and. the Germans will no longer be able to feel secure anywhere. 
America will come to know the difficulties of this plan, ‘but they: will not 
hinder her. The work has already begun; and before long you will teach 
the enemy the valor of your pilots and the excellence of your machinery, 
Germany does not believe that yow will ever be a ‘redoubtable enemy. 
Just as she was mistaken in 1914 when’ she talked of the “little English 
army,” so now she is miscalculating the “ little American aviation.” Our 
allies, the English, showed them in good style that they ‘were much mis- 
taken.’ You Americans will do the same. Some years ago the Kaiser 
proclaimed that the future of Germany was on the'sea, America can 
proclaim now that her future in this war is in the air. 


CLASSES AND TYPES OF. MACHINES REQUIRED. 


Three different: ‘types of machines are used modern 
fighting, the reconnaissance, andthe bombing machines. All of these ex- 
cept the fighting machines must be able to carry out light bombing; that 
is to say, they must beable to transport 200 pounds of bombs. When we 
say bombing machines, we mean a machine which is designed only for 
on hektiog purposes. It must have a carrying capacity of about two tons: 

machine must have the following qualities: speed, handiness, 
great ‘Simbing ability, and high ceiling. The constructor must bear this in 
mind, and never sacrifice one’of these qualities for the benefit of one of the 
others. Hf a machine was:‘so built that it would be excellent for fighting: 
at low altitudes, but: would be no good above! 12,000 feet, such a machme 
. could not be adopted by the army, because the conditions of modern war-: 
fare are such that the machines are constantly obliged ‘to seek high alti- 
tudes, It is not rare nowadays to meet German airplanes at:a height. above 
18,000 feet. When it comes to fighting, the quality the pilot most prizes in 
his machine is handiness, of which speed is one factor. Therefore, you 
must not forget that you cannot value exactly the worth of a machine be- 
fore it has been tested thoroughly by old and experienced pilots. 

Our machines have always been, and are still, more handy than the 
Gores i This is one of the. reasons why our fighters have been so 
success 

The reconnaissance. machines ought to have the same. qualities as the 
fighting machines, but naturally they cannot have them, to the same. d 
because they have to carry more weight, and therefore they are bulkier. 
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They have to carry. an observer, extra fuel, a wireless apparatus and, 
occasionally, tts ag The landing speed of ithese planes is a factor that 
must be. taken into consideration for two -reasons:.the first is that as the 
best pilots will be used to fly the fast fighters, those that are left to fly the 
reconnaissance machines are-often less skillful... The second reason. is that 
night flying is becoming more and more necessary... -The danger of landing 
at night must not, however:; be. exaggerated. It/is merely a question of 
training, . 

The number of reconnaissance machines needed by an army depends upon 
the numerical strength of this.army, It has proved useful to have four 
reconnaissance squadrons of fifteen machines each for every army corps’ of 
two. divisions, But the, number.of both, fighting and bombing machines’ is 
limited only. by. the possibilities of production, and by that of training. a 
sufficient number of pilots. From a military point of view the reconnais- 
sance .machines. are the most useful; However, these airplanes: cannot 
carry, out,their work without the help of the fighting machines. The bomb- 
ing machines are much less useful unless they operate in very large num- 
bers, and in a:sky where enemy machines are no more allowed to fly, 

- In theory, each airplane should be able to defend itself. 

It must not be forgotten that speed. aad climbing ability will often be: as 
good weapons as a ‘machine gun. There is a saying in the cavalry that: 
runs as follows:.“ The horse is the best’ weapon, of a cavalryman.”. The 
aviator can say the same of his. machine, therefore the pilot must have 
confidence in his machine, and the constructor must; give the airplane; a 
high factor of safety. As a rule, there is actually no danger in flying be- 
cause of defects in:the machine. ‘The: great danger comes from the high 
speed at which one must fly, which makes the slightest- mistake made by a 
pilot when he is near the’ ground ’a.fatal -- 

All modern .airplahes;are of: the tractor. type. The reason is that. in 
theory: each airplane. should: defend itself. The. pusher. type, attacked 


“tests. 


Before an engine of a new model is accepted by the French army it 
undergoes a test of fifty hours, During five days it runs twice a day:/for 
five. houts, during a half-hour of this time at full power, for: four 
hours and a half at nine-tenths of ‘that power. For example, an engine 
which is’said to produce 200 H.P. will: be tested during five days twice a 
day for five hours, and’ will run ‘forthe first: half-hour each time at: 200. 
H.P., and for the following four hours and one-half at 180-H.P., this last 
to compensate the tenuity factor. An engine: loses;one-tenth: of: its power 
at 6,000 feet, because of the diminution of compression in the cylinders. 
Owing to the lessened pressure of the air, a smaller amount of: gas is ad- 
mitted in the cylinder at'each stroke. 'When a-new engitie is finished it is 
tested for three hours on a testing block, then taken apart, examined, re-. 
assembled and tested for twenty minutes, The airplane when complete is 
accepted only after having been tested, and having fulfilled: all the. condi- 
tions required in. the contract. The ote speed isi one ee the most 


DIFFICULTIES OF ‘PRODUCTION. 


The plane itself can be easily built ; the same cannot be mhied ios the 
engine. The airplane’ engine is“ very’ different ‘from that ofthe automo- 
bile.’ The constructor is limited by the weight, and has’ to solve the diffi- 
cult problem of designing an engine weighing only about two rene a 
horsepower, which will be reliable and not cumbersome. ' 

The engine ‘does not work. het its maximum power, 
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as the airplane engine does, Fortunately, at high altitudes the engine, as 
it. gives less horsepower, is under less strain.. It would be interesting to 
test the engines artificially, under different air pressures, so reproducing 
the conditions under which they will be used. 2 i evew 
_The constructors. will have to use, remarkably good material. The steel 
must have high resisting force and yet not be brittle. 
. The. crankshaft and the roller bearings must be as light as possible to 
avoid vibration and allow the engine to turn at a high number of revolu- 
tions. Aluminum pistons have given very good results, because they are 
lighter, are excellent heat conductors, and therefore preignition is less 
likely. When alloyed with other metal, aluminum can be used for many 
parts of the engine. iisivs 
Hardening is. very important. It must penetrate progressively into the 
metal it: is covering. 
‘Lately most of the cylinders have been made of steel, but it is possible 
that cast iron may again come into use-if we must build: engines turning 
at 2,000 or even 2,500 r.p.m. The steel_cylinder would not allow. this, and 
though they are lighter the increased weight of the cast iron will be more 
than made up by the greater power of the engine. ‘ 
Examining the different. types of engines, we find that actually the 
qualities of rotary engines are balanced by those of the fixed engines. 
Each: has its advantages, but it is probable that the fixed engine will soon 
be the only one which will be satisfactory, the weight of the fixed type, 
which was its great drawback, having been greatly diminished lately. It 
will probably be even more so in the future. Its horsepower can grow 
without its size increasing as much as that of the rotary engine. It does 
not seem possible to have a rotary engine which can turn faster than it 
does now, therefore, to increase its horsepower it would be necessary to 
increase so greatly the size of its cylinders that it would be impracticable. 
On the contrary, the fixed engine will certainly be brought up to 2,000 or 


It is almost impossible to say beforehand ‘whether a man can become a 
good ‘aviator. Some of ‘the Very best French pilots were in such bad 
physical condition that ‘they ‘had been rejected by the army. In spite of 
this, as it is necessary to ‘train a great number of pilots in the shortest 
possible time, men in‘ the best physicat condition must’ be chosén.” If after 
a short périod' of training they prove slow at learning, though not 
absolutely unfit, they must be rejected without hesitation. No time should 
be wasted over slow pupils. 
An'aviator must always’do individual work, consequently he must have 
a great’ sense of duty. He must also be more intelligent and better edu- 
cated than the’ average infantry man. The more mechanical and engineer- 
ing kriowledge the pilots possess the better it is. This they must be given 
during their training, so that when they are atthe front they will be able to 
oversee the work of the mechanics and to test their engines themselves. 

A good pilot is always busy with his machine when he is not flying. He 
must also be a good shot and practice daily. The importance of this is 
understood when we know that Guynemier, the “star” French pilot (who 
has brought down 43 German machines),* is now so skillful that he often 
brings down the machine he is attacking with a single shot. 

“The life of the pilot often is in the hands of his mechanic, The latter 
must be.competent and careful, Each pilot in a squadron has two me- 
chanics to take care of his machine, and one of them is an expert and does 

* Guynemeér has brought down his S0th machine at this writing Ed. 
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all the fine mechanical work while the other only cleans the engine, oils it 
and fills the tanks. The mechanics, as they always work for the same 
pilot, are proud of him and take the greatest care to keep his machine 
always in good order. 

It is impossible to train a good mechanic rapidly, and, therefore, they 
must be chosen among the workmen who have a thorough knowledge of 
automobile engines. No important repairs are made at the squadron, so 
it is not necessary to have good adjusters there. The place for these is in 
the repair shops, where the engines are sent when there are important 
repairs to be made. 

From these scattered remarks I hope that you can see what a powerful 
aid in aviation the United States can be to the Allies. Your men will make 
good pilots, your mechanics can be used at the front or in factories; and 
since your country is so great industrially, if the program which the 
American authorities have outlined is carried through, you ought to be 
one of the main factors in determining the strength of Allied aviation, 
which depends so largely on industrial excellence.—“ Aviation.” 


THE STERLING - SUNBEAM - separ 350-H.P. AIRCRAFT 


The Sterling Engine Company, of Buffalo, has aditddet the sole rights 
from the Sunbeam-Coatalen Co., of Wolverhampton, England, for the 
manufacture of the famous Sunbeam aircraft engines, As the company 
is in constant communication with.Mr. Louis Coatalen, it is kept informed 
of changes as they are being made. All parts of the Sterling-Sunbeam | 
motor are made in the United States and are so accurately made as to be 
interchangeable with the motors built in England and used by the Allies. 

It has been learned from a reliable source that there are 16,000 of the 
200-H.P. Sunbeam-Coatalen motors and. 3,000 of 350-H.P, motors in 
production,in Great Britain. ..Another recent report has been received to 
the effect that a twin-motored machine, with two’. 350-H.P. Sunbeam 
motors made.a flight over the Alps from London to, Rome. 

In handling the aircraft motor the Sterling Company has the benefit. of 
years of experience in producing high-speed marine motors. Records 
established by Sterling-motored speed boats are interesting. The first 
eight-cylinder motor made in this country was made by the Sterling 
Company. The gold. challenge cup was won for seven years. by Sterling 
motors, In 1910 the Courrier. won. the first long-distance race at Palm 
Beach, covering 119;18 statute miles at a speed averaging 26 miles per 
hour. In 1911 the Mitt 2d won the challenge cup at Alexandria Bay. 
The P. D. Q. in 1912, the Ankle Deep in 1913, the Baby Reliance in 1914, 
Miss. Detroit in 1915, ’and Miss Minneapolis in 1916, won the cup, covering 
65.47 miles in an hour. 

The Sterling Company is now prepared to supply the 350-H.P. engine in 
any quantity. The 200-1. P. motor, eight cylinders, weighs 475, pounds; the 
350-H.P. motor, with twelve cylinders, weighs 1, 058 pounds, and this latter 
is described here in. detail. 

The bore is 110 m.m. and the stroke 160 mm. The gear ratio is two to 
one. The actual delivery of horsepower is 300 at 1,700 r.p.m., 332 at 1,900, 
360 at 2,100, and 365 H.P. at 2,200 rpm. At 365 H.P. the. "propeller. re- 
volves. at 1,100 r.p.m. 

As. in the Sunbeam motors, ‘castor ofl has been found tte 

_best lubricant. The consumption of oil is .04 pint per brake horsepower 
hour. Fuel consumption, -.49:to .5 pound per brake horsepower hour. The 
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gasoline used is ordinary commercial gasoline, about 62 Baumé. The 
compression ratio at sea level is 6 to 1. Mean effective pressure 135 
pounds, which is within 15 per cent. of the theoretical pessible mean 
effective pressure. 

The crankcase is of aluminum alloy. -The upper portion carries the 
bearings complete with caps. The lower half merely acts asa collector 
for ne oil, The upper half weighs 87 pounds and the lower half 17 
pounds, 

The crankshaft is drop forged and counter balanced. Crankpins ate 
hollow, plugged at each end to serve as oil leads. Bearings are babbit 
lined. Roller bearings are used on the shaft and a single-roll ball bear- 
ings for the thrust. The crank, complete with timing gear, weighs 102 
pounds. 

There are four camshafts, each driven by a set of spur gears. The 
camshafts are machined from the solid and heat treated. They are hol- 
low and oil is fed through small holes to the campush rods. Weight) of 
each camshaft 4%4 pounds. .The camshaft gear weighs one pound. 

Connecting rods are articulated, with the auxiliary rod leading. The 
steel is produced in the United States from. a European formula. 

Pistons are cast from a special alloy. The i inner wall is braced by web- 
bing and the casting face scraped. Four piston rings are provided, three 
at the upper end and one at the lower. . Weight of each piston, complete 
with rings, 2 pounds 3 ounces. 

Each camshaft is covered in by a cast-aluminum: housing, with remov- 
able inspection plates at each cylinder. Rocker fingers are" interposed be- 
tween cams and push rods. 

Cylinders are of iron alloy, cast in blocks of three adindenk Valve 
seats of cast iron and valves: of Sunbeam-Coatalen special alloy. Each 
cylinder is provided with two:intake and two exhaust valves. . 

hree oil pumps are located on the timing-gear end of the motor; two 
are set in front of tanks, which receive the oil through a:filter and force it 
to the various parts of the motor, and the third pumps oil from the sump 
and sends it to the oil-cooling tank, 

The circulating pump for the water is of aluminum. Its weight complete 
is 2% pounds. The water enters the lower end of each bank of cylinders 
and emerges at the highest point. Provision is made for the employment 
e = flat, vertical radiators to be located on either side of the aeroplane 

uselage. 

Ignition is by four high-tension magnetos, two for each bank of cylin: 
ders, two “ K. L. G.” spark plugs for each cylinder. Up to the present this 
European plug is the only one which has stood up satisfactorily on the 
Sunbeam motor, but it is expected that a satisfactory American plug will 
_ found. Each bank of three cylinders is served by a‘ separate car- 

ureter. 

The propeller gear weighs 12 pounds and the reduction gear 6 poun 
The manifold weighs 10 pounds and the intake manifold. 
pounds 

The propeller used in the tests at Buffalo was 12 feet 6 inches in diame- 
ter with an 8-foot 3-inch pitch. The propeller was made in England by the 
Sunbeam-Coatalen Co., and arrangements are being made to produce such 
propellers in this country. It is obvious that the best efficiency is obtained 
when motor manufacturers equip each motor with a propeller designed 
especially for it. 

An unusually light, compact and eliettive air starter is provided for each 
set of six cylinders. This starter weighs only seven pounds complete ‘with 
all valves and piping. The starters are built into the magneto end _ the 
motor.—* Aerial Age Waly: 
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AIRCRAFT AND MOTOR-CAR ENGINE DESIGN. 


‘In a paper read before the Aeronautical Society of Great Britain on 1 'thye 
10th inst., Mr. Louis Coatalen said: “In some quarters the belief obtains 
that the design and manufacture of an aircraft engine is akin to that in 
use fora motor car; this proves to be, even on the most casual investiga- 
tion, what old writers would have styled a vulgus.” He proceeded to 
show that the two problems involved are fundamentally different. The 
chief characteristics of an internal-combustion’ engine for motor car 
service are: 

(1) Weight is practically no object. 

- (2) Cost is of the utmost importance, therefdte, there must be the 
minimum of machining, as instance the fact that the connecting rods of a 
motor-car engine are not milled, nor are the crankshafts machined all 
over. 

(3) It must be capable of production in great quantities at minimum 
cost; otherwise, with the least amount of labor. 

(4) It must be silent to the extreme of what is practicable. 

(5) The maximum effort of ‘which the engine is capable is not needed 
to be maintained for long at a spell. It seldom works at full power, and 
the brief duration of such effort explains the extraordinary reliability of 
even the inferior types of car engines. 

(6) Flexibility, giving a constant torque at a crankshaft speed from: 300 
revolutions a minute to 2,000 revolutions a minute. 

-. (7) Of course, this is a torque which corresponds to a very low mean 
effective pressure, ‘namely, 80 pounds. 
(8) The compression is relatively low and the valve area small, the cam 
forms being éasy and the valve springs light. 
(9) The system of: lubrication, wherein the oil is carried in the base 
chamber of the crank case, suffices. 
(10) The maximum horsepower required to be developed by any one | 
— rarely approaches 100. In the. vast majority of cases it does not 
exceed 30. 
‘By contrast he showed that the factors governing the design of an air- 
craft engine were in many ways: distinctly different, and ne igeransce them 
as follows: 
(1)> Weight i is of prime importance. 
_ (2) Cost is not the deciding factor sediaah the necessary amount of 
power is obtained for the given overall dimensions of the engine, for its 

weight both as regards material and fuel, water and lubricant consump- 
tion; and that the desired degree of reliability is obtained. 

43) The.amount of labor necessary to produce a satisfactory aircraft 
engine of high output is, and will be, always many times what is necessary 
in the case of a car engine, and is a matter of secondary importance pro- 
vided the desired results:are obtained. No — is too expensive i if 
it saves weight. 

(4) Silence is relatively unimportant. 

(5) The aircraft engine does all its work at practically full power. 

(6) Flexibility, or evenness of torque, is of very secondary importance, 
because an aircraft engine is required to develop maximum torque at 
practically one speed only, or, at most, at an extremely narrow range of 


(7) But at its working range of speeds a very high brake: ance effect. 
ive pressure, say 130 pounds, is called 

(8) The compression must: be. relatively and. valve area ‘Hares 
while the valve springs must be stronger than for a motor car, due to 
the cam form imposed. 


(9) The high mean effective pressure necessary, coupled with the fact 
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of the en doing nearly all its work at full power, involves a com- 
pletely dif erent point of departure in Spe details of design, and, 
notably, the exploitation of new methods of achieving lubrication. Ex- 
perience has demonstrated abundantly that when the base chamber is 
used as an oil well, as in motor-car’ practice, the lubricant soon becomes 
too hot, therefore, too fluid, resulting in reduction of pressure to the main 
bearings ; hence the evolution of the dry-sump system for lubricating air- 
craft engines. Oil viscosity varies greatly with the temperature. 

Such was his introduction in a highly instructive and informing paper, 
which should be carefully read and considered by those interested in both 
motor-car driving and aircraft flying. Concluding, he-said: 

“ Assuredly it is interesting to compare — oe achievement with 
results of, say, three years ago, as instance those obtained’ at the Naval 
and Military Aeroplane Engine Competition :in 1914. As a result, it will 
be found that then the use of aluminum was practically confined to. the 
crank case only. Its application to the construction of pistons and other 
small parts of the aircraft engine was not known. Further, we find that 
the maximum mean. effective pressure was approximately 106.5 pounds per 
square inch, and that the average fuel consumption was .6 pint per horse- 
‘power per hour. The weight of the engine with fuel for a run of six 
hours’ duration varied. from 9.55 in, the case of the rotary air-cooled va- 
riety to 11,27 in that of the vertical water-cooled type. 

By contrast,. today the, mean effective, pressure standardized, has been 
increased to 135 pounds per square inch, measured from the brake horse- 
power, and, in some cases, actually..through. the. reduction, gear... At the 
same time, fuel consumption has been, reduced to .52 pint. per, horsepower 
per hour, while the weight of the V-type water-conled engine has 
brought down to 5.3 pounds per horsepower per hour with, fuel, and. oil 
for a six hours’ effort, all of. which, I hold to represent.a notable rate of 
progress achieved in the brief period of, less, than three years... 

From: the inception of the movement several methods have been pro- 
posed for rating petrol engines. At the stage at which we have now ar- 
rived in. constructing power plant for aircraft service some figure seems — 
to be needed which will give a notion, of. the efficiency, or horsepower 
output, of an engine in relation to its size. .Today the mean pressure is 
often used for this purpose; but in my view that is neither convenient 
nor can it be arrived at easily. 

For this reason I wish to propose that the horsepower pe unit capacity 
obtained from any given engine be taken as the standard for preparing the 
different “duties” of engines, Of course, the figure obtained, is propor- 
tionate to the mean effective pressure, but doubtless it will be agreed that 
it is more convenient, 

The capacity taken would be the capacity per cylinder multiplied ‘by the 
number of cylinders and by the number of complete cycles per minute, 
but to serve the aim in view the horsepower per liter engine capacity per 
1,000 cycles, ‘otherwise per 2,000 crankshaft revolutions a minute, is pro- 
posed_— Page’s Engineering Weekly.” 


AMERICAN AEROPLANES AND. Motors EQUAL 
_.. EUROPE’S BEST 


People ‘connected with the aeronautic movement in a posi- 
tion to know what is being done in America and abroad have known that, 
with the possible exception of lack of finishing touches, some. American 
aeroplanes and motors have been equal to the best: European machines 
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and motors. Those that did not compare with Europe’s best compared 
with Europe’s second and third best—Europe having, as we have in 
America, constructors who do not keep up with progress and half trained 
and crank engineers who produce machines that look good on paper, but 
fail in actual performances. But that is to be found in every line of 
human endeavor. 

There is printed elsewhere in this number the report of the Advisory 
Committee:on Aeronautics which is: cooperating with the Commandant of 
the Third Naval District in the organization of the Naval Reserve Forces, 
giving a detailed plan for the aerial defenses of the Third Naval District. 
This plan being basic, and adaptable for all the 15 naval districts, it was 
made a Congressional document: In this report the committee states that 
it has found that American aeroplanes are, type for type, equal to the- best 
European: machines. That report»was a brief resumé of the following 
detailed report, which is based on a large mass of evidence. ; 


COMPLETE REPORT ON THE EFFICIENCY OF AMERICAN AEROPLANES MADE BY 
| THI ADVISORY COMMITTEE COOPERATING IN THE ORGANIZATION OF 


NAVAL RESERVE FORCES. : 


- The reports that have been made public heretofore alleging that Ameri- 
can aeroplanes are not as good as European machines are based on condi- 
tions which existed in 1914-1915, at the time when American aeroplane 
manufacturers, like European manufacturers, were unable to get suitable 
metals for motors, and trained workmen to properly finish aeroplanes. 

Before the war the demand for the best steel was supplied almost 
. entirely by the Krupp agents, who, being subsidized by the German gov- 
ernment, could underbid American, British and French steel makers 
and secure the orders. After the war started it was found that, contrary 
to the general impression, there was no Krupp steel in stock to be had. 
Therefore, experiments had to be made to develop steel equal to the 

Krupp steel, which was done after many months of experiments. In the 
meantime, the motor manufacturers not only in America, but in France 
and England; had difficulties due to soft and faulty steel. 

' With the exception of one firm, which is supplying England the large 
seaplanes of a type which is not obtainable elsewhere, and aeroplanes of 
the training type, which it has supplied as fast as the United States Gov- 
ernment orders permitted, the British Government, which is the only 
government that has purchased aeroplanes in large quantities in the 
United States, has not placed orders for aeroplanes here. 


AMERICAN AERONAUTICS HAS DEVELOPED TREMENDOUSLY SINCE 1915. 


But. since the summer of 1915, American aeronautics has developed 
tremendously, and our. resources and sources of supplies of materials and 
skilled workmen have also developed tremendously. Likewise, the re- 
quirements for aeroplanes have changed, and an analysis shows that the 
change has been towards the lighter mode of construction, which was 
our mode of construction in 1915, but which was not approved by the 
European experts, who wanted extremely heavy construction. 

In the summer of 1915, when the Curtiss Company, the Burgess. Com- 
pany and the Thomas Company took their first orders for machines for 
England, the British requirements were for machines of extremely heavy 
construction. That was the standard of the Royal Aircraft Factory at 
that time, and they wanted machines that equaled the heavy construction 
of the Royal Aircraft Factory. To give that strength involved cutting 
down the climbing and flying efficiency of the machine. Both the Thomas 
Company and the Burgess Company thought that somie of the weight re- 
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quired. by the British specifications was excessive, and built the machines 
lighter—and had the unpleasant experience of being told, when the ma- 
chines were delivered, that the inspection committee considered them too 
light for use. Thereafter no further orders were placed with them. The 
Curtiss Company’s machines. were satisfactory, and after the trouble they 
had. with, motors in the summer of 1915, they have not had any further 
trouble and have: continued to receive orders. Last summer an inspecting 
board held up.the Curtiss. orders to investigate the motor and find out 
whether there was a dangerous period of vibration in the motor, The 
investigation proved that there was not. Therefore, a new order was 
given to the Curtiss Company for motors. 


AMERICAN SEAPLANES SUCCESSFUL IN ENGLAND. 


The Curtiss Company’s large seaplanes have been very successful and 

are being shipped as fast as the United States Government business per- 
mits.. A report from a British authority. was printed recently stating that 
they are rendering valuable service in. patrolling the North Sea off the 
British coasts. set 
‘In the past eighteen months the war has forced a change in the require- 
ments. for, aeroplanes, and the British specifications of eighteen months 
ago.are considered dangerous, today, because they make the machines too 
heavy..and loggy. In a discussion that took place in the House of Com- 
mons on March: 13,.1917, the following statement from a member of 
Parliament: occurs: 

“I would like to suggest to the honorable gentlemen. on the front bench 
that the majority of these fatalities can be directly attributed to machines 
being sent. up in which I said twelve months ago that our men were. being 
murdered. I stand here twelve months later, and I say even on this very 
day that men are being murdered by being sent up in these machines, 
Our men are today being sent up in BE2 gun spotting. These machines 
are utterly incapable, armed and equipped as they are, of rising over 5,000 
feet. They are sent up with two. 20-pound bombs, and two guns fitted on 
them... The guns, however, are not adequately fitted for fighting. These 
machines are sent six miles out into the enemy's lines. Only recently I 
had two or three cases brought to my notice of men sent out gun-spotting, 
and qwith them they had two of what are called chasing machines, but. 
* they lost the chasing machines, they stopped over the lines at the mercy 
of the German airmen and they were eventually shot down. Quite re- 
cently, two fell in flames in our own lines.” ‘ 

We see by this statement that the British authorities are having trouble 
with the machines built'on the Royal Aircraft Factory’s specifications. 

The report of the committee, which investigated the administration and 
command of the British Royal Flying Corps shows that this is only one of 
the many difficulties that have arisen in connection with the upbuilding of 
the splendid British air services. Progress was held back by red tape 
and slow action. 


WAR HAS FORCED CHANGES AND CUT DOWN FACTOR OF SAFETY. 


In the past eighteen months the war has forced a change. in the design 
of ‘aeroplanes, that is, to get greater efficiency and extreme performance, 
the weights had to be cut down. This, of course, involved greater re- 
finement of detail and a very considerable reduction of the factor of 
safety. In fact, factors of safety as low as 34 instead of the previous 
6 to 8 are being accepted. Further, if these same machines were subjected 
to what is known as a “sand loading test” (the aeroplane is supported 
in an inverted position and sand or shot in bags is piled on the surfaces 
to approximate the load distribution in flight and increases made until 


q 
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excessive elongation of parts, in case of tension’ members, or abnormal 
deflections are noted, or even rupture of any parts occur) it would be 
found that the factor of safety, thus determined, is far less than the 
calculated or theoretical factor of say 3%. Further, there is abundant 
evidence of actual failure of many of these machines in the air, resulting 
often in fatalities. Cases are on record, particularly with the English 
machines, of fuselages disrupting in the air under flight loads; tails 


actually collapsing and breaking off, and even the collapsing of wing 


ADVENT OF THE FOKKER BROUGHT RACING MACHINES INTO USE FOR FIGHTING. 


The Germans, by bringing out: the Fokker, brought into the war the type 
of small, fast machines, with high horsepower, which had been developed 
for racing in the years preceding the war. In 1912 and 1913 the Interna- 
tional Aviation Trophy was’ won by aviators ‘who made between 105 and 
124 miles an hour, full hour;'and ‘over.’ In these races the ‘aviators 
had gotten the utmost speed obtainable from such small machines’ without 
cutting the factor of safety down to a minimum. To beat the Fokker ‘in 
speed and climbing ability it became necessary to cut down the strength 
of cofistfuction, and that has been done by both sides until today the aero- 
planes of both’ sides ate merely shells. That'is of the ‘small fighting 
Nieuports, the Spads, and the Vickers on the Allies’ side; and with the 
Fokker, the: Agos and the Halberstadts—the German “Spads ”—on ‘the 
German side. These machines, having wings of only 20 to 25 feet span, 
have not sufficient supporting surface to permit ‘having a dominant advan- 
tage on'either side. “If the limited weight which the wings can lift, which 
is between 6 and 7 pounds-per square foot, is put mostly in ‘a large engine, 
as has been the case of late, which has resulted in equipping small ma- 
chines with motors of from 120 to 160 H:P., the rest of the machine must 
be lightly built, cutting down the factor of safety to the danger point. The 
fuel carried has been cut down to the minimum requirement for a two- 
hour flight, and the machines are stripped of everything excepting what is 
absolutely necessary. Everything else having been reduced to a minimum, 
the only advantage obtainable is that afforded by the lightness or low fuel 


consumption. .Many “light” air-cooled motors have excessive fuel con- 
sumption and are really “oil cooled.” 


PRESENT MOTORS ONLY NEED OVERHAULING ONCE IN 60 To 90 HOURS — OVER 
DIFFERENT TYPES BEING DEVELOPED IN AMERICA. 


The general excellence of recent light-weight French motors is respon- 
sible for the good performance of the French fighting machines. The 
Germans -have had good motors. all along. The British motors are best 
in the larger types, above 200 H.P. A i . 

Now, however, motors in America are actually in acceptable production, 
which are the full equal of the best French motors to date. Further, it is 
of interest to note that a certain engine gives more power than its French 
prototype, of which it is an exact copy, and all parts interchangeable with 
the foreign built motor. Some American motors are as good as any 
abroad. Governor’s Island Aero Squadron made about 2,500: flights in 
the past year with only about half a dozen cases of motor trouble. The 
motors used in the Mexican expedition gave no trouble whatever. Our 
present motors only need overhauling once in from 60 to 90 hours of 
flying and show no wear at the end of months of continuous use. Nie 

Further, let us record the fact that we have the talent available in 
America that can build machines and motors as satisfactorily as the ex- 
perienced’ French and English designers and constructors, and can do the 
job on a real production basis. This'is true of any size of aeroplane or 
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motor. There are now over 30 different types of motors being developed 
in’ America. - 

It may be put down as axiomatic in aeronautics that to get performance 
one must not see how much you can put on an aeroplane, but how much 
you can keep’ off. In other words, in the final analysis, it is low total 
weight and high horsepower, other things being equal, that gives remark- 

able performance. 

In the struggle for the supremacy of the’air a premium has been put on 
speed: and for the sake of speed machines are turned out with a ‘factor of 
safety of only’ two or three. Of course, the factor of safety is of no 
value if the machine cannot outperform the enemy’s machine: But if we 
will permit American manufacturers to adopt the European ‘practice: and 
cut down their factor of safety to two or three and only expect their 
machines to carry fuel for two hours, ‘we surely can’ get’ rt ae at 
least equal to the European machines: 


MAIN: OF’ ABROPLANES IN" WHICH AMERICAN 
EUROPEAN. 


“But we we have not got to: fight off 
aviators from: American skies no one will dare to assume the résponsi- 
bility of cutting down the present factor of safety of American machines 
by half. In fact, a least factor of say 5:is ~— desirable and will result 
in most satisfactory performance. They can’ fly the other: types when‘they 

to the front, and, as our: safer types reach a speed of 120 miles an 
ur, they will be able to fly: them with little additional training: 

who: are‘ close to: developments and get a lot of ‘information about 
what they are doing abroad as well as what is —_ done here, know that 
American aeronautic ‘engineers can turn ‘out, type or type, ‘machines that 
are equal to the best European »machines: qualify” this: statement, 
there are’ four types of machines used in number abroad: © 

(1) The Training: Machines:—There are half a dozen 
who ’can turn out training machines equal to the: a best European 
— machines. 

(2) The machine equipped with motors of between 120 and 200 H.P.-to 
use for bomb dropping and for spotting artillery fire. After reading the 
account of the employment of this type of machine in the raid on the 
Mauser Works, written by one of the members of the Lafayette Corps 
who participated, I feel that we have the equivalent of these machines in 
the two-seater tractors being built by half a dozen manufacturers. 

(3) The large, slow, bomb» carrier; which is used to carry bombs, but is 
protected during raids by the fast chasers—These machines are either 
single motored or twin motored. In the raid: on the’ Mauser Works they 
were single motored. In other raids the ‘twin motored have’ been used. 
The only reason we‘have not had many: machines of this type in use is that 
no orders were placed for them tntil the close of 1916. Victor Carlstrom 
and Atlan R. Hawley flew: in the ‘first twin-motored American battleplane 
from New York to Washington on May 26, 1916, and then the Aero Club 
of America offered it to the army, and it was sent to the Mexican border. 
The army accepted it'in the beginning of June, but it was requested that 
changes be made in the age chassis ‘to meet certain conditions to be 
met at the Mexican border. The army officers were asked to have the 
changes made to suit their requirements, and in a letter received at the 
end of: June they stated that they had placed an order for six machines 
of that kind, and as soon as they had decided on the type of landing 
chassis which they wanted ‘they would have the changes made to conform 
with the other six machines. By October they not yet on 
type of eo chassis to be adopted. 
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But at the time of the flight we had occasion to talk to a prominent en- 
gineer, who had just returned from ener he where he -had seen all the 
European machines and reported that, the. Curtiss, twin-motored. battle- 
plane was a more efficient flyer in every way than the. best. European, twin- 
motored machines. This battleplane, equipped .with: two. motors of from 
160 to 200 H.P., can, we believe, equal any performances of European 
machines of the same type. Half a dozen other manufacturers,-including 

Aeromarine Plane & Motor Company, the Burgess Company, the 
Gallaudet Aircraft Corporation, the Sturtevant Company, the Thomas- 
Morse Company and other well established. firms have received orders 
from the army and the navy, are now about to produce twin-motored 
peidaidemaiinnde, With the experience they are gaining we can expect 
that they will soon turn out most efficient aéroplanes. This is:also true of 
newer concerns, such as the New York Aero Construction Company, the 
A. S. Heinrich Corporation, the General Aeroplane Company, and others. 
In some cases it may be necessary, in the interest of efficiency, to have 
these firms build on government specifications. But we may say that we 
have good prospects of getting machines comparable with the best Euro- 
pean machines of the same type. Of course, we must order and use ma- 
chines, as perfection can only be obtained through evolution by actual 
use. And we can only get production in quantity by placing orders for 
steady, continuous deliveries, as has been. advocated by the Aero Club of 
America for the past three years and by the National Advisory Committee 
on Aeronautics at its recent meetings. 

(4) The fast single-passenger fighting | machines —It is principally the 
fact that we have not had machines of this type in use that-has created 
the impression that American machines. are not as efficient as European 
machines. But the first demand for this machine in the United: States 
came only a few months ago, and the first turned out show a speed of 122 
miles an hour, witha slow landing speed of 55 miles; a climbing speed of 
10,000 feet in ten minutes. And the factor of safety is up between 5-and 6. 
Of late the army and the navy have both been planning to place orders for 
machines of this type and half a dozen manufacturers are prepared to 
turn them out. The thing to be decided just now is whether the army and 
the navy are willing to adopt the foreign specifications and content them- 
selves with fighting machines that have a factor of safety of two or three 
and carry two hours’ fuel and land at a speed of close to 85 miles an hour. 
If they will content themselves with: this, we feel certain that American 
manufacturers can turn out fighting aeroplanes that will make a speed of 
close to-135 miles an hour, which is the very best actual performance 
pe i abroad, and will have good. flying qualities and fast climbing 
speeds. 

But this low factor of safety and extreme landing speed, while necessary 
when it actually comes to fighting enemy aviators, can be dispensed with 
at a cost of only about five to ten miles per hour in speed, so long as our 
aviators do not have to fight enemy aviators and thereby save considerable 
injuries to men and machines during the period of necessary training. 
Our committee came to this conclusion after watching the succession of 
breakages of the fast British fighting machine which has been tested at 
Governor’s Island during the past few weeks. ..This machine was so 
lightly constructed and landed at such great speed that there was breakage 
at most of its landings. Finally, two British officers, who brought it over, 

crated it away. The account of the death of Norman Prince, of the La- 
fayette Corps, tells that the machine he was flying landed at a speed of 
close to 100 miles an hour. The new Spad is almost as bad in so far as 
factor of safety and landing speed are concerned. These are machines to 
use in battle. and American aviators will use them when they get there, 
but it would be wrong to say that they are better than the American fight- 
ing machines being turned out. 
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EXAGGERATED SPEED CLAIMS. 


» Recently there were printed in New York and Washington criticisms of 
slowness of American machines, coupled with claims of speed of 150 
miles an hour for a newly arrived Vickers battleplane. A few days later 
those who followed the tests of this ‘‘battleplane” at Governor’s Island 
witnessed a succession of breakages, due to the light construction and ex- 
treme landing speed of that machine. Again and again it was repaired, 
only ‘to be damaged again on landing after a flight. The agents who 
brought it over finally put it away in despair. But even at that no claim 
was made of the machine having a speed of over 120 miles an hour, be- 
cause it did not make it. 

This brings us. to the claims of excessive speed. Our committee has 
found that none of the reports of speeds of upwards of 130 miles an 
hour have been substantiated. Now, as it has been for the past ten years, 
we get reports of tremendous speeds attained, but find upon investigation 
that it is merely hearsay. '' In our official capacity we have had to consider 
hundreds of claims of: records submitted for homologation, and usually 
found on actual measurement that the distance covered was much less 
than the distance claimed... The, aviators usually based their figures on 
railroad distances, but did not allow for the fact that the aeroplane went 
in straight line, whereas the railroad had detours. 

Miss Ruth Law, on her return from Europe, recently told our commit- 


tee that the reports of performances of European machines, particularly - 


the speed, were exaggerated, not intentionally, but as the result of the 
general habit of talking about great speeds. She is only one of many 
_ who have brought this to the attention of the committee. 

A fifth type,.the large seaplanes made almost exclusively in. America, 
are admitted to be the. fhost efficient for: patrol and submarine hunting 
work. Within.a year this type will probably be used in large quantities 
for launching torpedoes and to. mount large. guns. 

The committee has. also canvassed ihe field and finds that since the 
National Advisory Committee on Aeronautics has announced the plan of 
placing, orders.for aeroplanes and motors. to extend over a period of three 
years,. many large automobile and engineering firms have stated their 
willingness to take up the construction of aeroplanes and motors. So 
that, provided. orders are placed immediately for continuous delivery, run- 
ning over a period of three years, so that manufacturers can get and season 
wood and other raw materials and train workmen, the American aero- 


AIRCRAFT THE REMEDY FOR U-BOAT MENACE. 


In response to a request for a statement apropos of the third anniversary 
of the war, with 1 reference to the parts to be played therein by the 
United States and England, Viscount Alfred Milner, the widely known 
diplomat and ‘statesman, indorsed most cordially the codperation which 
aes will render in the securing of aerial supremacy for our allies. He 


“The thing that needs to be developed with the utmost ge Am 
aircraft, air services and air strategy. After many vicissitudes the Allies on 
the west front now have got something like the upper hand in the air, and 
by. painful. effort still continue to maintain it. But that is not enough. 


oe su in the air is certainly attainable through the united and- 
mum 


‘ort of the United States, France and Great Britain. They 


| 
| 
| 
| | | 

nautic..industry will be able to begin making substantial deliveries within 

ninety days and from 25 to 50 aeroplanes a day within five months— 

“ Flying.” be { 
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should be satisfied with nothing less, for this alone would be decisive. Ten 
thousand additional aeroplanes may ‘well be worth more than half a million 
or even a million men, and they are easier to transport. But here again . 
everything depends upon realizing the extent of the need and to see that the 
task before us is as big as it really is. That is the first thing needful, and 
the second is like unto it—to hurry up and act in close concert with one 
another in el our preparations so that there may be no waste, no overlapping. 
Distance places many obstacles in the way of continuous consultation and 
palling ling together These are our greatest difficulties, but they can be greatly 

by the proper of of the Allies.”’ 
Weekly.” 


_ THE SUBMARINE, | 
| BIBLIOGRAPHY OF ‘THE LITERATURE.OF SUBMARINES, 
MINES AND TORPEDOES* 


H, Lanwan and Eric A. Lor: 


This bibli phy will appear in the August issue of the ‘ ‘General, er Revie ; 
Advance biog cation is permitted by the courtesy th the magazine, te mi 


At the present moment there is a wide-spread desire for knowledge on , 
the subject of submarines, the information concerning which is widely 
diffused and is difficult of location and access. Up to the present time but 
little has been known by the public in general on ‘this subject, partly because 
of its apparent relative unimportance, and partly because much of the 
activities concerning these boats has been regarded as confidential and the 
subject somewhat shrouded in secrecy. 

At the present moment submarines. have an interest ‘paramount to alt 
else! They represent an advance made in the methods of naval warfare 
which has not yet been met by the development of a proper defence: Like 
the old race between the development of armor which cannot be pierced 
by any projectile and of projectiles which can pierce any armor, the 
development of methods of warfare has alternated between improvements 
in the offensive and defensive ‘sides. Doubtless within a comparatively 
short petiod methods of defence against the submarine will be developed 
to such an extent as to render it comparatively harmless, but this ‘has not 
as yet been attained. 

A considerable effort has been made to gather together in 9 ch mee the 
references on the subj ers of submarines to be found in books and. period- 

-icals, and while not absolutely complete may be considered as Lodipbtatively 
comprehensive. 

It is hoped that the bibliography liere published may be of some assist- 
ance in solving this important problem of the hour. ; 

By. far the best historical: treatise to be had is the “Evolution of the 
Submarine Boat, Mine and Torpedo,” by Commander Murray. F, Suetter of | 
the Royal Navy, published i in 1908. A more recent book on the subject, of a 
somewhat “popular” nature; but..containing much valuable information, is 
Submarines, their: Mechanism and Operation,” by Frederick A. Talbot... 

Lanman, a! 
Wiliam Tanning, end Patent Attorney, 166 sew 


article mentioned in this list; and it is that those desiring furth 
the subject correspond directly, with him. 
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BOOK REVIEWS.—ASSOCIATION NOTES. 
BOOK REVIEWS. 


THE SOLDIERS’ ENGLISH AND FRENCH CONVERSATION 
Book, by WALTER M. GALLICHAN. Size 5} x 3 inches, 
pages, 128. J. B. Lippincott Company, Philadelphia. 
Price 30 cents. A very carefully compiled book containing 
a great number of words, phrases and sentences selected 
especially for the use of the soldier. Not only is the spelling 
of the French given, but the pronunciation is clearly and 
accurately shown. It is a convenient size for the pocket, 
very clearly printed, and can not fail to be of great help to 
any English-speaking soldier in France or Belgium. - 


ASSOCIATION NOTES. 


On May 25, 1917, Lieutenant Commander J. O. Richardson, 
U. S. Navy, tendered his resignation as Secretary-Treasurer 
of the Society due to his detachment from duty at Washington, 
effective May 31, 1917. ‘The Council accepted the resignation 
and elected Lieutenant Commander F. W. Sterling, U. S. 
Navy, Retired, Recretagy Eee for the remainder of the 
current year. 

On June 14, 1917, the Cueineil directed the purchase of 
U. S. Liberty Bonds to the value of $1,000. 

The following members and associates have joined the 
Society since the publication of the last Journal. 


MEMBERS. 


Brown, H., Ensign, Naval Reserve. 
Burbank, J. A., Ensign, Naval Reserve. 
Glass, H. De H., Ensign, Naval Reserve. 
Hart, H. P., Ensign, Naval Reserve. 
Hussey, George F., Jr., Ensign, U. S. Navy. 
Keller, Jay H., Ensign, Naval Reserve. 
Saxe, A. C., Ensign, Naval Reserve. 
Slaymaker, W. W., Ensign, Naval Reserve. 
Sturtevant, E. R., Ensign, Naval Reserve. 
Westbrook, C. R., Ensign, Naval Reserve. 


ASSOCIATE. 
Kingsbury, Albert, 945 Oliver Building, Pittsburgh, Pa. 
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